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Investigation of Its Biological Activity and Mechanism

Dong, Jinlong*“ Shen, Lazhen” Wen, Bin“ Song, Zhen" Feng, Junjie”
Liang, Gang* Liu, Bin” Yang, Binsheng*”
(“ Department of Chemistry, Taiyuan Normal University, Jinzhong 030619, China)
(© Institute of Molecular Science, Key Laboratory of Chemical Biology of Molecular
Engineering of Education Ministry, Shanxi University, Taiyuan 030006, China)
(¢ Department of Pathology, First Hospital of Shanxi Medical University, Taiyuan 030001, China)

Abstract In order to search for novel anti-diabetes molecules, phenformin (Phf) was used as precursors to prepare chro-
mium(III) complex [Cr(Phf);]Cl; at room temperature. The complex was characterized by elemental analysis (EA), molar
conductivity (MC), electrospray ionization mass spectrometry (ESI-MS), infrared (IR), UV-vis and NMR spectroscopy, re-
spectively. In this work, the stability of complex solutions at different temperatures and pH values, reactivity with H,O, were
discussed in detail. The morphology and thermal studies of the complex were also investigated. Meanwhile, C57 diabetic
mouse model induced by diet combined with streptozocin (STZ) was established to explore its biological activity from the
aspects of fasting blood glucose (FBG), fasting serum insulin (FINS), total cholesterol (TC), triglyceride (TG), high density
lipoprotein cholesterol (HDL-c), low density lipoprotein cholesterol (LDL-c) levels, and oral toxicity. Afterwards, in order to
explore the biological hypoglycemic mechanism of the complex, the interaction between the complex and glucagon was
studied at (37£0.5) C in Phosphate Buffer Saline (PBS) buffer at pH 7.4 by fluorescence spectra, which the conditional
binding constant K is 1.29X 10° Lemol ', and the number of binding sites 7 is about 1. As a result, the interaction between the
complex and glucagon was static quenching. The complex which retained the glucose-lowering properties of Phf exhibited
good physical and chemical properties, beneficial function on blood glucose and lipid metabolism for Type II Diabetes melli-
tus (T2DM). The glucose-lowering mechanism of the complex was proposed, and the multi-functional application of metal
complex in glucose-lowering and lipid-controlling was also achieved. Furthermore, oral toxicity results showed that the com-
plex had no toxicity on all organs of mice. Methyl Thiazolyl Tetrazolium (MTT) assays also showed that the complex exhib-
ited lower cytotoxicity than the positive control CrCl; and Phf. Taken together, these results demonstrated that the non-toxic
[Cr(Phf);]Cl; complex might be a potential candidate for novel anti—diabetic drug development. It may also provide a new
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idea for the prevention and treatment of type 2 diabetes.

Keywords chromium(III) phenformin; diabetes; biology activity; glucagon; toxicity
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Figure 2 (a) Absorption spectra of Phf and CrPhf, (b) structure of
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Figure 3 Absorption spectra of complex under different conditions
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Table 1 Results of biochemical and metabolic indexes of rats in each group

Week Normal Diabetic CrCls-treated Met-treated 1-treated
0 19.24+1.16 23.6242.05 24.1442.14 21.5942.93 22.92+1.86
BM 4 22.45£1.55 30.5+2.40 29.42+1.62 28.64+0.82 29.28+1.86
& 8 29.35+1.48 40.82+2.18 37.89+3.01 37.2842.63 39.17+1.77
12 32.26+1.28 48.26+3.00 44.94+3.01 43.08+3.11 44.64+1.73
0 6.07+0.32" 11.59+0.39" 11.18+0.61" 13.47+0.57" 12.45+0.62"
FBG/ 4 5.54+0.23" 11.50+0.52" 9.92+0.28"" 9.95+0.52" 9.83+0.40"
(mmolsL ") 8 5.60+0.20" 11.37+0.35" 8.84+0.30" 8.62+0.38" 8.96+0.51"
12 5.64+0.21" 11.70+0.58" 8.76+0.35"" 7.72+0.34" 7.88+0.34%
0 12.36+1.50" 19.13+1.21% 19.80+0.54% 18.78+1.60" 19.97+0.67"
FINS/ 4 11.49+0.52° 21.71+0.52" 17.23+0.91% 19.64+0.58" 18.22+0.65"
(pmolsL ™" 8 11.25+0.34" 21.11+0.66" 17.22+0.86" 18.40+0.58" 17.20+0.54"
12 11.55+0.38" 19.89+0.46" 15.99+0.76" 14.87+0.72" 15.28+0.59"
0 1.9240.15" 4.66+0.64" 4.28+0.32" 4.41+0.74" 4.45+0.34"
TC/ 4 1.74+0.12" 4.17+0.32" 3.77+0.19" 3.90+0.26" 3.34+0.20"
(mmolsL ") 8 1.92+0.093" 4.68+0.23 3.50+0.24" 3.68+0.20" 3.08+0.19"
12 1.95+0.083" 4.14+0.24" 3.66+0.28" 3.51+0.20" 2.88+0.22"
0 0.55+0.050 1.63+0.22 2.02+0.19 1.77+0.22 1.79+0.12
TG/ 4 0.50+0.043" 1.92+0.21* 1.87+0.20" 1.70+0.22* 1.49+0.11%
(mmol-L ") 8 0.52+0.026" 2.04+0.21" 1.630.14" 1.720.11* 1.29+0.12%
12 0.53+0.029" 2.41+0.23" 1.69+0.24" 1.67+0.15" 1.21+0.13"
0 1.3120.09" 0.90+0.099" 0.87+0.062" 0.82+0.070" 0.91+0.07"
HDL/ 4 1.2440.092 0.80-+0.064" 0.98+0.059" 0.86+0.081" 0.96+0.053"
(mmol-L ") 8 1.19+0.086" 0.75+0.040" 0.86+0.049" 0.86+0.080" 0.89+0.056"
12 1.210.081° 0.79+0.033" 0.90-+0.050" 0.840.080" 0.94+0.052"
0 0.75+0.064 0.87+0.050 0.85+0.095 0.80:£0.061 1.02+0.06
LDL/ 4 0.68+0.027" 0.99:£0.064" 0.76+0.052" 0.81+0.050" 0.83+0.053"
(mmol-L ") 8 0.70+0.024" 1.09+0.062" 0.81+0.066 0.81+0.050" 0.81+0.05"
12 0.71+0.028" 0.99+0.054" 0.84+0.040" 0.8+0.036" 0.80£0.034"
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Figure 7 Histopathological images of pancreas, kidney and liver sec-
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Figure 8 Cytotoxic effect of complex on cell lines. The cytotoxicity of
Phf (10 pmol-L ') and complex (1, 10, 100 pmol-L ') were evaluated on
MCF-7 cell lines (2.5X10* cells/mL) by the MTT assay for 24 h. 1%

DMSO (V/V) was used as a control experiment (P<<0.05). Results are
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Stern-Volmer 7 K H 4L, i Fo/F XT[QIE B A 15
2; Ky NEVRD T IR KIER T, t NEDKRS T
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Figure 9 Fluorescence spectra of glucagon at different concentrations
of complex (Insert: the changes of fluorescence at 347 nm)

TEBAT IR KT 7 ¥ F5 s R IE 9 Hh b
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{1 Stern-Volmer Hi£E (1 10(a, b)F &l S6(a)), FF4f L%
LM E1RE] Koy, HEREALQ)HESAR K, 45
BRI 2; [S] A AR BIRE, [P], &R glucagon &
WEE, [Ply WA A ILEYIN glucagon WK, n NEEAL
BB K LAY S glucagon HIZE &8 %, LA[S]/[P], X
Fo/([P]. HTEE, W 10(c, d)F1FE S6(b), HIEH E Lk
RERBHOTERSEEFH K, SR NE 2.
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Figure 10 Stern-Volmer (a, b) and Scatchard (c, d) plots of fluores-
cence quenching of glucagon by compound at 37 C
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SRR OIS AR 5T W K RAE Ky 9
2.0X 10" Lemol 'es™", M3 2 [I%EH, CrCls, Cr(NH;),
A1 CrPhf B AMb A% glucagon ) K, #z KT 2.0X 10"
Lemol 'es™', HIILHEWT, LA WIXT glucagon (1 3= 22
RAAYIF) Cr(1I1) 5 glucagon 45 &1 & A= Fe S HE K.
K2 WAWEBERIUPERLE 37 CHERIR K E B4 E 5L

Table 2 Quenching and binding constant X of compound with glucagon
at37 C

A& Ko /(Lemol™") K /(Lemol 's™")  K/(Lemol ')
[CrCls] 7.09%10° 7.09X 103 0.96X10°
[CrPhf] 10.28 X 10° 10.28 X 10" 1.29X 10°
[Cr(NH;),] 8.83X10° 8.83 X 10" 1.32X 10°

% 2 HELA ) CrPhf 1 Cr(NH;3) 55 glucagon 45 &
WHOT 10°, MHLER CrCly 5 glucagon /M T 1.0X10°
Lemol ™!, I &Y)'5 glucagon A HL R LE & fE 1, W RE
& BT A WL B AR U R A R T A R A
Cr(NH;)s, 55 glucagon FH&E &1 H.
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PENLEEA T REAn B 20 1 FoRB/E FALEL. 2R 20008
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TAREAHAUDE T Cr(NHy)e, 2A)5 1T LS 76 (1) ik =
MEERFAITEEGERER T RS LER SHNE S,
T A 205 AR ARG TR 3 Bl B2 A 11 BB R ik (1) B 1.
[FI, 2R ZRUIA 5 5t BA B ig 1, B4 =& e
B NAZ AT LIS 315 [F] AR 2 250N
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pH=2.2,7.4,8.0 Cr(NH,)3*, Hooc— —NH; 00(35@\/»:"

B 1 JR L OUNESFEfA P9 7T RE £ LB

Scheme 1 The proposed mechanism of CrPhf in vivo
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Bhia T SO — AT

4 SCERERSY

4.1 EZWAE(NEEYIHE R

FREL 18.614 g (=90 mmol) K ZXUAK(Ph) T3 i b2
i, IO 0.410 g (=100 mmol) NaOH, FiIA 150 mL
CH;OH, =i FHUESFE. B8 [E 1A NaCl, SR 5 7E125H
BT ¥ 8.014 g (=30 mmol) CrCly6H,0 /KRS
12 N2 Phf (U8R, TE=IR T 4REEE 1 h, EEE
FIRRA G, 50, #5852 b, &3, HORS
. CBEGEECSS, BRI 15 220 ok R Bk, 72234
49.2% (LA Cr &it5).
4.2 T2DM /NEREMMEBIAES . KW ARE KT
FREGMR

E NP ER RSO B 20~30 g filFE C57
AN 60 2R, Hep 50 2 5 & iR s iR SR R,
SR A R /0N BRI B K B BE IR 5% X (STZ, 50 mge
kg "AREE), 4kl FH b S IR TR R IR R, JEid R
SRS R /N B 2 IS LB (FBG), BT A /MR FBG 7K
SFRT 11.1 mmoleL ™!, FREREIY.

¥ 50 HOBE SR RBENL A 4 A, 5 12 RIEF /N
IR SR, FRAEDE MR ST, MXTEE 55%, BR L.
TESZIR AR BT /N BRAT LA E B K S, I
AR H R LD AR5 3% 1.0 mg Cr/kg(/ AR )7 &
FEB LY, WNIRH LB H S IEREE EEEK 1.5
mL. /NRSEIGNHE 12 B, BP0 R 4 3 A ORI &
FUNRR 23 B UHE (FBG) . ¥ IR 5 R (FINS). Hil=
B&(TG). LI S H E FE(TC). %5 B g & A (HDL) AIMIK
%R 8 F1(LDL), [RIFHES /N R AR EBW) B, SL
IS HEZE R, SEIG IR R NGBR3,
43 LHENYALARIEFZRE

S YT IR G, B SIHE R 12 h
BB G CO, B BIRIE, A/ NRIF. B A5
JRpE R R, AR R KIS Ve, 4 F S KALI K S
M, YIS um Frdf HE Jeto )5, RRA. feiImAR s
77k, fERME TUERY AR TS, Bl R
ARG 117 O
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