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ET 1hh-Gli 55 BEMR S LBEASHEIMEE XD RNIERILE
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3. VAR TS R A5 A BV B R A IR RORE EE R SRR =, AL L 063210

i E:. B ETEERERET (Indian hedgehog, Thh) - Fijei #H ) 2 K [FIJEY) (glioma-associated oncogene homolog,
Gl E 5B 2 LA AT 25 B R 295 & (knee osteoarthritis, KOA) HITT/EF L2 THLAE], FFi R Hehzh w4
e 73k SRARIZE X W F R HEK R KOA 58S, WBEMRFARH., BAH, EREA (24mgke) HRMLEKH-A72)
L (5450 pg/kg)s o (104100 pgrkg). & (204200 pg/kg) FIEH, FH 10 R 847 MR PSR S0, KA
HARFE-FA (hematoxylin-eosin, HE) Jeta5 BRI HHWIEFTHiE AR (micro-computed tomography, Micro-CT) M EE T
WETES G MR ELISA R iy fF 3 5 & )8 B A B 13 (matrix metalloproteinase 13, MMP13) Fl II BKJHEE A
(type I collagen, Col I /K5 #ufe 5 e gt fll qRT-PCR M ICHTZH LA Thh. Gliv BEEEEH 1 (patched 1, Ptchl). MMP13
B BRI R 05 SR 20 RIS ST, A2 5 Thh-Gli (558 B eS80 s B0 25 68 . @A s R A ERE
TR BT LT MRFE REAKF, FHRH HE Gl 4R R0 FFIE & B IE A 2V T A 5500, BAVF
MG 3RBEALAT A I 2 . B8R AN R R AR WAL T KR 8ietk, Mg, B Ihaedass &0, . BHLUER
TR RN, RS SREEAT 2T B BRI 24t . SIRT R, BRLE K R U B AN P 7 5 35 PG
(P<<0.01, 0.001), X EHRMBIN, MILATE, KEFEEERLENESAMZEE: MG+ MMP13 K PFREAS (P<
0.001), Col I /K& 2 F&1E (P<<0.001); T4 ZI9 Thh. Gliv Ptchl. MMP13 (& AR FIEHEE EH (P<0.001),
P27 Thh-Gli JBIE/E KOA RA R FH G . SIEAA LR, 5 3L0REC AT 2451 REHE = K BRI BB R #ua M. (P<<0.05.
0.01. 0.001), BEKEFIER, SEEFMEH, MmiF+H MMP13 FH5E . Col Il APk (P<<0.05. 0.01. 0.001), HEIHIHH
t1 Thh. Gliv Ptchl. MMPI13 R A FMIEHEEHEE T (P<0.05. 0.01. 0.001). PR ER, Bk, A5t
5 Thh. Gli. F#NEEREARTFNMESZLSEEAN 5 (a disintegrin and metalloproteinase with thrombospondin motifs
5, ADAMTS5). MMP13 {45 & B3 <5 kcal/mol, R LA, AJZ5H 5 Thh-Gli B OCH L R A BRI SE G R .
0 Bk BRECAAT 25 AR ] Thh-Gli 5 5@ 8% 58 850% . F U MMP13 3RiEFF 1 Col 1T Rk, i #B 5 B AR
B3 KOA KRRV IRe 5B RIS, HAA RGN, DRG0 A5HETT IR KOA F4t T suib k¥ .
KHEIR: RE TR BRW: ATAT: Bk Thh-Gli F 588 PoE 50 4R
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Abstract: Objective To investigate the therapeutic effect and molecular mechanism of aconitine combined with paeoniflorin on knee
osteoarthritis (KOA) based on Indian hedgehog (IThh)-glioma-associated oncogene homolog (Gli) signaling pathway, as well as to
evaluate the safety of this combined administration. Methods Anterior cruciate ligament transection was performed to establish a rat
KOA model. Sham group, model group, celecoxib (24 mg/kg) group, and aconitine-paeoniflorin low- (5 + 50 pg/kg), medium- (10 +
100 pg/kg), and high-(20 + 200 pg/kg) dose groups were set up, with 10 rats in each group. Behavioral tests were conducted to assess
analgesic efficacy. Hematoxylin-eosin (HE) staining and micro-computed tomography (Micro-CT) were used to observe morphological
changes of articular cartilage and bone microarchitecture. ELISA was used to detect levels of matrix metalloproteinase 13 (MMP13)
and type II collagen (Col II) in serum. Immunofluorescence staining and qRT-PCR were applied to determine the protein and gene
expressions of Thh, Gli, patched 1 (Ptchl) and MMP13 in knee joint tissues. Molecular docking was performed to verify the binding
affinity between aconitine, paeoniflorin and core targets of Ihh-Gli signaling pathway. Activity of aspartate aminotransferase and levels
creatinine, blood urea nitrogen, urinary protein in serum were detected, and morphological analysis on heart, liver and kidney tissues
of rats in each group were observed by HE staining to evaluate the safety of aconitine combined with paeoniflorin. Results During
the administration period, no death or toxic symptoms were observed of rats in each group. There were no significant abnormalities in
serum liver and kidney function indicators, as well as in the morphology of heart, liver and kidney tissues, indicating that the
combination of aconitine and paeoniflorin had good safety. Compared with sham group, the mechanical pain threshold and thermal
pain threshold of rats in model group were significantly reduced (P < 0.01, 0.001), the articular cartilage surface was damaged, the
tidemark was incomplete, the subchondral bone was lost, and the distribution of bone trabeculae was disordered. The level of MMP13
in serum was significantly increased (P < 0.001), while the level of Col II was significantly decreased (P < 0.001). The protein and
gene expressions of Thh, Gli, Ptchl and MMP13 in knee joint tissue were significantly upregulated (P < 0.001), indicating abnormal
activation of Thh-Gli pathway in KOA state. Compared with model group, the combination of aconitine and paconiflorin could increase
the mechanical pain threshold and thermal pain threshold of rats (P < 0.05, 0.01, 0.001), repair cartilage matrix, improve bone
microstructure, increase MMP13 level and decrease Col II level in serum (P < 0.05, 0.01, 0.001), and significantly downregulate the
protein and gene expressions of Ihh, Gli, Ptch1 and MMP13 in knee joint tissue (P < 0.05, 0.01, 0.001). The molecular docking results
showed that the binding energies of aconitine and paeoniflorin to Ihh, Gli, a disintegrin and metalloprotease with thrombospondin
motifs 5 (ADAMTSS5) and MMP13 were all < —5 kcal/mol, indicating that aconitine and paeoniflorin have strong binding abilities to
key targets of [hh-Gli pathway. Conclusion The combination of aconitine and paeoniflorin can inhibit abnormal activation of Thh-Gli
signaling pathway, downregulate MMP13 expression and upregulate Col II expression, inhibit cartilage matrix degradation, improve
joint function and cartilage pathological damage in KOA rats, and has a good safety, providing experimental evidence for the treatment
of cold dampness obstruction type KOA with the herb pair of Wutou Decoction.
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A REAEAE TR MRS I BRI, 6F T 1%, HAR By
ATETEAE Iz T, HEAPIR . RIEIHTTES
FiAE S T, BAR 2 B 2R 73— BAEsE, )11
FEIEVE R S Sl AT bR M AT 25
AT, TIE I 22 0 AP FAE P AT 28 BRI LT,
o AR FERE 2 THTE 78 KOA JRTT HA4L T 35 AL A

YE74 Hedgehog HH KRG, Thh HEKHT
BCH AN E AR AW, RERNS RIS R EAE . 4
o BUB SHE T, AN R EEE Gl
MW IEE HAR S IR R M KB B (parathyroid
hormone-related protein, PTHrP) i 1% 61 S 15 P4 B 3
[FSEHLIO, Thh @& 5ACA T 3K 520 (hypoxia-
inducible factor-2a, HIF-2a) fF7EA2 HAEH S 5K
HiBAE ., AR N, Thh AFEHGE Gl @, fH
% HIF-20 Bff#E, b Eid HIF-2a 3L R+
ik, HIF-2a B R it — 2k Thh-Gli 15
5 R, JESH IR IR, KOA KRz
1, Thh BT H IS, Gl AAZMEEE Runt M55H;
[ 2 (Runt-related transcription factor 2, Runx2)
Fik. Runx2 1E NG T, RE%IESERE
JEE AN (matrix metalloproteinases, MMPs) K&
AR, BRI PR R AU AN R, MR B A
RO H R, 2 AR S E A 8 B AR F L
A RFRANIRER AR T A (A% O A E
LS 32 AR A AT o A 70 SRR 1 Sk iz O 1
BRGSO, AT, BOMERT E B P R 2
R VREENLA S HE 1] Thh-GL B RS 70 T80 2, 3k —
W 5E R 5 Skizia T RIS KOA M) it
- FHLE
1 #R
1.1 B4

SPF itk SD KRR 60 2, 8 e, AF&E
(200+10) g, WWEH AR AL EVERERA
"], AEFFYFANES SCXK () 2024-0001, zh¥fi
FVFATES SYXK (32) 2023-018. sh¥tas:T4E
JEHE TR 22 I Hp O R SR =, TRIFRIA I E
125 °C, MAHEEE (50+10) %, =HNBSIREA
KT 15 W/h, KA 12 h BB, 12 h BEEFBERST
H#, HHBEEEUOK. st aEdtei ToR%3)
YME R Ao tbiE (HtHES 2023-SY-207).
1.2 AR5

53 (R 50=98%, it 20240122). 7
2 JRESE=98%, #t5 20240318) HEXY

WRGCEMRHEARAF; ERXEM (S
20240512) W HEEEE AR RELZH (S
20231228) i H 3¢ [ Sigma-Aldrich A &]; EDTA Ji
P (fit5 20230518) T H AL R SEERHLA R 2
Al HARZE-FA (hematoxylin-eosin, HE) ¥4 (fit
5 C220604) W H ERMG MR AEMEARFIRA A
TRIzol R (L5 20240311) W HEE Invitrogen
AR A A cDNA A BRI E (5 20240423)
) H 2% B Invitrogen A fr iR A H]; qRT-PCR FiR
4 (s 20240123) W EEE Qiagen AF]; K
K HIRA L (aspartate aminotransferase ,
AST) W{# & (b5 20230803). WLEF (creatinine,
Cr) A& (IS 20230813). IR £ % (blood urea
nitrogen, BUN) 7 & (#L'5 20230815). JREEH
Ril& GitS 20230819). MMP13 ELISA 74
(fit*5 20231101 11 2R A (type 11 collagen,
Col 1D ELISA X7 (4’5 20231001 T H R
SRR TR FUIT s BEEER 1 1 (patched 1, Ptchl)
sk (it 20231218) W H £ E Affinity A7) Gli
Pk (#t5 20240211). MMPI3 Fifk (35
20240118) W H I 4B A TRABR A ; Thh
Pk (A 20231212) 19 H B3 = A ARA R
AT PG (IS 20221202) 1 FE Abcam
AF,
1.3 {4

R2MS BUHIAR BT & C Rifg RaERFAX
AR AT); DB026 B AEHMRA (L RZ
FEVREAERTUEAFD; YLS-13A ALK /NRIN
FIMTEAX CH P w IERHEE R A BR A 1) NC12775-
99 Mzt 2k 22 (32 [H North Coast /A 7] ); Skyscan-1176
BAZN WA S (5 [E A6 B 58 A ] s SkySean-1.6 1Y
NRecon HE M (FEEE 5 A ); PANalytica
B X S A (G B /R ST AR R A H]D ;s AE2000
BB AY) B AEE (325 Bl SO AR A BR A 7DD
M200PRO U ffEFRAY (31 Tecan 24 7] ); Roche480I1
RSEHF PCR R4 G 2 IRAFD
2 FHE
2.1 BHE-ASAEIRRAVEC S
2,11 SSLBRERBCH]  PRELS S 24 mg T 6
mL —HEEEHAA, R =R N 4 mg/mL 1)
SRR, 3 R R AT o
2.1.2 B Sl Bl- AT 24 G ) B A 4 24 3 VT I
HY 0.025 mL 5 SkB850, I 1 mg ~A525H, T 20
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mL 25K, RIS,
2.1.3 Skl - AT 24 ) 4 45 24 T I TG )
HY 0.050 mL % SkBg s, N 2 mg A5G, T 20
mL 25K, RIS,
2.1.4 5 SBR-AT 2 7 A 2 2 VR T
HY 0.100 mL 5 SkB85, N4 mg A525H, #T 20
mL 4fiigKr, BIfS.
22 IR, EES%H

¥ 60 ROKEBENL > TR BRI FEk
AT (24 mg/kg) HMEBH-~TZ4EIR. Ty &
A, T 10 R ki 38Ut & (median lethal
dose, LDso) AN 3.17mg/kg, ¥ 23005 5256 157
B <THESIOFIE, AT SR 44 257
HA4 5. 10, 20ug/kg, ZrlHCE 1/104 1/20. 1/30 f%
(1) LDso fFEAZBE I B & H s IR AN, $%
BN5 5 AATED ki R 2 e 5, 5 Sk
AT MR 25 e BIAE R RN 121006, (Rt
ATYE IR 25778 500 1004 200 pg/kg.

KERIENHEREFE 1 G, BRIERFAREAN, Hp
K BREAT AT 2 XA B R « KRR ip I L 24
W (30 mg/kg) WRIE, FHHLBIHIZ0T] B a5 X
WER, RS R 75% B0 F ARG
FrdFAT IR RO AT 14 3 em BN IAIYT)
O, IEEE I 1AL, ERSE MRS TY)
WAl < X Wy, A AT AR L) 2 R4S TR
Ho RFAREANFATEAUT AR, AVIWHTEE XK
I RS BHE R LERR T R 6 FHIA
KOA BBV Y. GRS IE, S4a244 ig M
25, P ARMAFER ig SRR AB K,
1R/, TESRLZ5 8 .
23 REMITN

BUE G, RRIEORRR, @i g 3 B CR i,
B0 B LT, 4% BTG B A I i AST
i PE M Cry BUN, JREAKTF. SAHRHLE 3 HK
R I B, BT 2 RWEERTEE 48 h,
KA HE Ge ikt & 2R BN I A5 R ZH 23
BTS00, DAV 2 Sk e AT AT 258 (1 254
et
2.4 HUFNIAGE IS S AN E R A IR
24.1 HUBEBENE KM Von Frey A& I
SE B R AU BRIAEL, K A DK AR I T ] 25
gy 2 KR Von Frey MIF & W, I M/ NEIK
PRI, A2 g MREETFAR, % R BRI 3

HEAT &
242 PIRBHMENGE KR BERBAGIE %24
KEPYRBIE, SRR IR RERBOOT R, iR
[EWE N 49.6 C. KRR E T Eaed e, —F
i b, B KRBk, —FERIMAN T T %
B, MRBRAENTRNER, % T8, %
VIR 2 LW AT N IR ARG I 18], s 4 K B L
AR TC SR R R 1A
2.5 HE 2BURBAHHESFEEL

WA R BT, H 4%% SR € 48 h,
J+H EDTA A5 1 DM H . Sk, flEai
JEVIBUEEE DY 4 pm 3, BEATH AL HE 3¢th,
AT I SIS
26 WMBGTEHEHEEEE (microcomputed
tomography, Micro-CT) 73 X TR B ST

S H K R e B AR, 188 BT RN
NREEFE#ET Micro-CT . HU7 B 5 MR R
HhsA, KH Skyscan 1176 F B4 CT @4
%, W& PANalytical R X 265, 4
SHEE: HWERS 17.93 pm. HLJE 90 kV. HI
278 pA. JiEEE K 0.500 R 1800, FHHIR
UHEHE K H SkyScan NRecon B8 (1.6 hR) 58
J = YRR s B 58 U 5 B Dataview 1 AX)
SEROGIR X, EEUIR I 1 ~4mm, KR
SR T IA R R TE XD BT /R2Emes
F53HT. I CTan BPRAE IO MR X I8 A ) 2 %
B, AT AR T
2.7 SFFHERIES KWREEIZHE S hh-Gli /5
SR RHEE{ERRHLE

HFH 23 75 BEEOR TR & Sk AL AT 245 H S
Thh-Gli 5 58 % [ DCHE L 0 Thhy Gliy 75 kL AR
BEAETFIHES RSB/ EAR 5 (a disintegrin
and metalloproteinase with thrombospondin motifs 5,
ADAMTS5) MMP13] 2 [f] {145 & it . AN TCMSP
& (https:/old.tcmsp-e.com/tcmsp.php)  HFS 2%
AR, PRAF N Mol 2 3. B AL
J& (https://www.rcsb.org/) FULEEHOEEFRIY R, T
AR (1) XS G A AT S 250 52 B 3 B 45 44 s
(2) B AR HER >3 (3) IR A Al
RO B AR 450 (4) 1ERAEMRIE N . Yk
HE B2 ARG AR 458, S AutoDockTools
1.5.6 B AFEAT 73 T4 4%, A PyMol 2.3.2 #f4F AT
AT R (https://pymol.org/2/) .
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2.8 ELISA #&M1%E+ MMP13 #1 Col IT 7K F

A5 A K BRI S 2 R 77 8 U0 B T A6 000 1 375
t MMP13 il Col 11 7K.
29 RERIEKRMERXT Ihh-Gli 55 BEEHEX
FAMRIE

L i ELBLAS J5 IR 1T 21430 v, PBS HEk
3 WA, Ph0.3% Triton X-100 = JiiiEi% 15 min, PBS
Pk 3 W BfiJE LA 5% MG AE AT =iEE A
Lh, FFEHMEE, WA—P, 4 CHELRH. PBS
ek 3 Ik, BER 5min, IR, BB
H 1he PBS $¥% 3 X, Wl0 DAPI %44% 5 min, PBS
Tedks, WMPTEOLERE AR, s A TE0e It
FAEDME FPRERE, FIA Image J BAFX D
5 FE AT ¥ AT
2.10 RT-PCR #0575 Ihh-Gli {55 1BEEHE%
EFMFRIE

B 2H R BRI, H B S i I PR e
RNA H%& i ¢cDNA, 47 qRT-PCR 7 #1. 54
BIWER 1, ¥ B-actin fENNSEER, KA 27283k
THE H R AR R R &
2.11 GtESHh

K FH SPSS 23.0 AT GL it b, Hidf A
X + SRR AT R TR, 2 AR BCR 5 2%

0.5

0.4

0.3

AST/(umol-L™")

HAP

BFAR A %K LAP MAP
HA

BUN/(mmol-L™")

AN

1?:1%/& FEE7 %;{; LAP MAP HAP
=]

Cr/(umol-L™")

FREEA/(mg- L")

x1 51495751

Table 1 Primer sequences

E3o| 5YIF5) (5°-3")

B-actin F: CTAAGGCCAACCGTGAAAAG
R: TACATGGCTGGGGTGTTGA

Ihh F: AGGACCGTCTGAACTCACTG
R: CTTATTTCGGTCGCGGTCTG

Pichl F: CCAGCTACTGCCAGCCTATC
R: AACACCCCGTGATCAGTCTC

Gli F: CAGCTCAAAGCTCAGCTCCT
R: CTTGGGGCTCTGATATGGAA

MMPI3 F: GAGGTGAAAAGGCTCAGTGC

R: ATGAGGCGGGGATAGTCTTT

SMTe TR TT 2255, T R R A BN B
S92 (LSD), AN 2 W F Dunnett T3 #3056 . X1t
e, AR ISR 25510, RAJES
AU
3 %
3.1 SWEASAENRZES TN

25 2 TR S 0 R A R BRI HOIRES . B
RIGEBN . BR PR KB TR, F8E &AL
Bo GEREIR, SHKRAEL AR KT,
HARMSEUEAT B SRR, IREMOKIEFER
IMAFRREE . W 1 s, SRR IMIET AST i
P )2 Cr. BUN. JREHKVF LG %2R, KUY

60 =

40 -

20

MAP

BFA SR gER
HAT

LAP

SN
N
\
\
3
D

FER LAP MAP
A

RFAR A HAP

LAP-Z 3k AT 254, MAP-2 k- AT 25 H R A, HAP-Z k- Aj25H mflsmd, TEIH.

LAP-aconitine-paeoniflorin low-dose group, MAP-aconitine-paeoniflorin medium-dose group, HAP-aconitine-paeoniflorin high-dose group, same as

below figures.

&1

BUEARMFES AST 5FH K Cry BUN. FREHKE (X+5,n=6)

Fig.1 AST activity and levels of Cr, BUN and urinary protein in serum of rats in each group (Xt s,n=26)
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SKBREARAT 25 A KR B IRer= A sm. %
PARBOME FFRE A BT HE Yo ss i) (B
2) BoR, FHRKBONA4EHSESTT, BgEHmimT
DL, SHPRAZ AR B T 40 b g FF/Nmah
SERE, WAL ZHBRIN; B NEREERET, B
MR R, BNE L 8%, &
A, FHKRO F BHSUESERE LR
Z5t, VIARBBIPEERELCE. DL RKR,
TEAR AR IR EMAZ AN T, SRR
2 BA R A,
3.2 SRR AR HEN KOA KRITAZREN
WK 3 Fis, SEFARALE, HAIH KR
e 8 AR FAT R 35 B . P (P<<0.01. 0.001),
R KOA BRI, SHMALLE, #47
AR R AU R A BRI E S R E A S (P<
0.05+ 0.01. 0.001), KL SLARMELAHAT 25 H REdE =

KOA KR HHEImAE T o
3.3 LSI@ERAAEN KOA KERBEXTHRESH
A1)

k4 s, BRTFARGUR BRI R I
SENITEMT, TSR R R RS R
ML 7, WL 5E . BRI KRR i B R Al
s HERIARREL, RIS L ZDFANE M, HE
Oy XA Ak, SERALE, #4652

HUbe B e /g

AIFBIE/s

25 =

20—

._.
v
1

_.
o
|

HAP

2 BHEKRRO. B BAARSENE HE, X20)
Fig.2 Morphological observation of heart, liver and

kidney ti

ssues of rats in each group (HE, x 20)

|
L

A
A

g

.'.Iv
BFA HR

S5EFPARALE: #P<0.01 ##P<0.001. SHELLLK: P<0.05

#P<0.01 *P<0.001 vs sham group; P < 0.05

“P<0.01

**P<0.001

2

1
FER LAP MAP
A

*P<0.01 **P<0.001, FEM.

vs model group, same as below figures.

3 BEXFENHEREMABHELRSR (X+s,n=7)

Fig. 3 Comparison of mechanical pain threshold and thermal pain threshold of rats in each group (X+s,n=7)

ZR K B R DR T A PR R ) 2 />, i i LA
AN, BB R, Wi E
R SLRAC AT 25T W 1BE KOA KR ICHTHH
L, R R R I

3.4 GBWEASHEN KOA KEEMEHE

SN

Micro-CT &5 R WK 5 fn, SEFARALE,

FERALR R CE T KRR R A AL
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x4 xi0 20 WA, RETIEFRMWEEN. SHEMALE, %
5 ' THWTIGE, BN, REME, RE
NEEARRINE. E 6 Fr, SEFARLALLE,
R ZH K BE 2% P R PRIK (P<<0.01); SEAUA
b, HAAHRNREEERERS (P<0.001).
35 SFXIEER

JE 43R R S TR L S . AT 245 S Thh-
Gli {55 BMEA (Ihh. Gli. ADAMTSS.
MMP13) HIg5&26M ). MR EIIE 7, X
ditreNR 2, ARER, Sk, A4S Thh-
Gli {5 5 R E A 4G R <-5 keal/mol (1
T S | kealmol=4.182 kiimoD), UL, ALY
, . R i Thh-Gli 15 5B 4E S B A RIFE AR, 5
e L i s LR AT 25 AT GBI Thh-Gli 155 38 B A 355t

T R koA mmyTIEA.

BRI PN

a0 aaf

HAP s SR A4 o . .
@ ot B 36 SEWEMSAEXN KOA XRMFH
. MMP13 F1 Col 11 7K FRYF20
AT SRR E R B BERA A, SR O SRR IR WK 8 Fis, SIEFEARAE:, R ZH R I
R, AFSFR B AR R B R FE R4 A, 3 e KPR Tl (p< ) 1 K
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Fig. 5 Changes in bone microstructure of knee joints of rats in each group
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Fig. 7 Molecular docking schematic diagram of aconitine and paeoniflorin with Ihh-Gli signaling pathway related proteins

#=2 L. BHES Ihh-Gli ESBBEXEAN S FIHEER

Table 2 Molecular docking results of aconitine and paeoniflorin with Ihh-Gli signaling pathway related proteins

#H PDBID &YW 454 B8/ (keal-mol ™) E{=| PDBID (L&Y 454 fE/(keal-mol ™)

Ihh 3NIF 5 3, —6.6 ADAMTSS5 3LIT LD -1.3
ISELhER -8.0 ISEhER -9.1

Gli 4BLB 5 3, -8.2 MMP13 7JU8 LD -1.7
AJUiE -9.0 R -9.1

1 kcal'mol ™! = 4,182 kJ-mol ..
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