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Design and Synthesis of a Novel Series of Opioid Dipeptides and Evalua—
tion of Their Analgesic Effect in Vivo
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Abstract The opioid system is one of the most studied pain relieving systems. Opioid peptides have been studied exten-
sively since their discovery, and many efforts have been dedicated to the determination of their intrinsic nature. However,
opioid peptides still suffer from serious limitations including lack of oral activity, short duration of action, poor metabolic
stability, and relative inability to cross the blood-brain barrier (BBB). Inspired by the structure-activity studies of opioid pep-
tides, four novel opioid dipeptides were synthesized by introduction of Tyr/Dmt to the N-termius and novel unnatural
a-methylene-f-amino acids (Map) to the C-terminus. Their in vitro and in vivo activities were determined and compared. The
affinity and selectivity of these dipeptides were evaluated by radioligand binding assay in whole cell preparations from
HEK293 cells expressing the p opioid receptor (MOR) or & opioid receptor (DOR), compound 4 exhibited the highest bind-
ing affinity toward MOR, and this compound also showed the most significant MOR selectivity over DOR. Pharmacological
activities were evaluated in vitro using isolated guinea pig ileum (GPI) for MOR and mouse vas deferens (MVD) for DOR,
and the results of GPI and MVD were in accordance with the binding affinity assays. The antinociceptive activities of the
compound 4 were assessed in the mouse tail-flick and writhing test after intracerebroventricular (i.c.v.) administration. In the
two tests, compound 4 showed good ability to reduce the thermal pain and the inflammatory pain, respectively. Naloxone
significantly reversed the activity of the compound, indicating that opioid receptors were involved in its analgesic effects. The
compound 4 was then administered inravenously (i.v.) to determine whether this dipeptide was able to cross the BBB. As a
result, compound 4 was effective in both tail-flick and writhing test after i.v. administration. Furthermore, the peripherally
restricted opioid antagonist naloxone methiodide did not alter the peptide-induced antinociception. Collectively, these results
indicated that compound 4 was able to cross the highly selective BBB and might elicit an analgesic response via a central
mechanism. Therefore, compound 4 may be a potential lead compound for future clinical development for pain management.
Keywords opioid peptide; antinociception; structure-activity relationship; blood-brain barrier; unnatural amino acid

* E-mail: wangrui@lzu.edu.cn
Received September 17, 2015; published October 27, 2015.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Natural Science Foundation of China (Nos. 91213302 and 21402076) and the Fundamental Research Funds for the Central
Universities (Nos. 1zujbky-2015-168, 1zujbky-2015-275).
T H 32 5K A FHEHE S (Nos. 91213302, 21402076) 1 Hh s i i Al ifF 914 4 (Nos. 1zujbky-2015-168, 1zujbky-2015-275) %% B

44 http://sioc-journal.cn © 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2016, 74, 44—48



W F F HR

i@

1 3l

By Fr 285 TR R T B A BT D s
W2 A H, e IR T rp R A R IR T
Bl Py 245 2 B I CURN R = A2 BT R 524K, & Ak
WM EA G TR EREN, X=F2h#2 GEN
IR 2 OB SR — R, R L KRG KER 2
A, X =R Fr 52 ARAE A 4 B — 5 W RIEE, I
PR LSBT oy 2420 32 A ] B 52 AR £ Y ACH 5 A
SRR ORI, A G R BT 245400 (v ) 76 K S8 £ P
JE PR RN EIE I, B 52 AR R ) A
Lt B s shrIRE R AE, XL g4 ™ SRR 1R 24
WIFEIG IR L)z R, B IR 2 428 AR )
AW KA ZFE A2 HIBR, X AR I 4iaIT 02
R T BRI A Sk A R AR, AT B
I ELAR 5 A (03 L B 2454 BT B A R
YGRS -9

% RSB B 245 W 1) T 32 8 R 9 R AU 245 1 o
KPSl H T, WEIURIL, AR AR —
FRAPEVERT R Z IR, AnHERR . AR Rk e
JIREE, SRR A e X 45 24 T DA By BEAR Y
FPE Y. AR, X KA AR I R, O
LGN 52+ WPIRA AN L B 25 L 1 F .
2 RS 25 I T v R B 4 s MR 51 T AR 2 25k =7
AR HAT K AL 2 O AR Ok R L. SR
T, ] Py JR PR A 2 P A7 2R i W o5 AR K Rl R, el A
TRNAEAEAE KB R TR e, JORET A IRE A P
LR IR AR, KR BRAR T 5P 4F H 2 1t 1)
W, BT B S RN IR, BT BRAR e i
i f i B i P AR 2 2R G, AT BRAIR T 29 e AR T

R o NH,

HO R Boc

3:R=H;4:R=CHj;

B ROk N, AT SRR AR X R R, KR
A EAG R () 7 V248 L TR Bk o AR Ak e, DA RE
e AT AR N,

S 3P BT R AR R R OIE T R B, I BT TR
B HR e PR ST 1 A2 e N R Uiy 28 — 2 1) Tyr B, 491l 2
M A& (Tyr-p-Ala-Phe-Gly-Tyr-Pro-Ser-NHy) i ME ik
(Tyr-Gly-Gly-Phe-Met/Leu-NH,) F1 P 15 i fik (Tyr-Pro-
Trp/Phe-Phe-NH,)& ) DL AFERY Temussi 2511t
HHCT G EY) Tyr-Tie-NH, FF3l, it — Sy R T %
Tl BURH] F REEEDRRAK, AP Tic (L-1,2,3,4-DUS S EpR-3-
BRIR) & — R MR B PEM 5 & AR RN E R, A
BoR, X Tyr UM SAB R #8AE w] e 5| 2R A BG4
M, MR R ITRI Tyr MIBESFHH 2 A7 6
RE AR FEAE BB A7 A BRI AL S B R B
i, GNEFEE, 2,6- HIFE, 2-2%E-6- I, 2-FAH- 6-
XL, 2,6- 23, 2,6- SR INESE, Mo FERE N
ZIRBE IR . o 2,6- MBI R 2 R 1S
BRI GEH, R 50 NI R i Z R BRI ). &
T Tyr BREESL, B HAT O A RO EE 1 K R AR R
(Phe, Trp, Tyr %5)tH & E B2 REH], XA 2
R K B 32 A4S AN B g R B,

I AE R SR IE TR R 2 KT 51 i A 5% kg AT 3 4
—HEZ Rk i E B T 5 T, AR R AR
LR B 1) 5 iE ] DB i 2 IR ke v, TR
S AL A AR AR TR B, FRATTR
HIFR T —PoR BRI p Z M (Map, B 1), 5
Z ML p ZIEBRAF, Map 7F C-a FIMLEBINT C=C
Mg, M —E FERE bR T 2R R, e T
RAERFHEA R, BT R EIR, BRATKHE N K

Reagent and conditions: (a) EDCI, HOBt, DIEA, DCM, r.t.; (b) TFA, DCM, r.t.; (c) (i) NH3*H,O, EDCI, HOBt, DIEA, DCM, r.t.; (ii) TFA, DCM, r.t.
Abbreviation used: Boc, tert-butyloxycarbonyl; DCM, dichloromethane; DIEA, N,N-diisopropylethylamine; EDCI, N-ethyl-N'-(3-dimethyl-
aminopropyl) carbodiimide; HOBt, 1-hydroxybenzotriazole; TFA, Trifluoroacetic acid.
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Table 1 Opioid receptor binding affinities

Compd. K} /(nmoleL ") K? /(nmoleL ™ 1) K/ K}
1 >10000 ND —
2 684+57 6960042330 102
3 3660220 ND —
4 106+11 19300970 182

“ Displacement of [ H]DAMGO (K¢=10.6 nmolsL ). ° Displacement
[*H]DPDPE (Ky=2.8 nmolsL ). Displacement was done using whole cell
preparations from transfected HEK293 cells expressing p-opioid receptor and
8-opioid receptor, respectively. K; values were calculated according to the
Cheng-Prusoff equation: K;=ECs/(1 + [ligand]/K4), where the shown Ky
values were taken from isotope saturation experiments. Data are expressed as
the mean®S.E.M., each performed in triplicate.
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Table 2 In vitro pharmacological activity”

ICs¢/(nmoleL )

Compd.
GPI MVD
1 >1000 >1000
2 122+13.5 >1000
3 899457 >1000
4 189422 511£39

© 2016 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Data were means+SEM, values represent the average of 8~10 measure-
ments.
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Figure 1 Tail-flick test versus time curves of the antinociceptive effect
of compound 4 after i.c.v. administration

Groups of mice were administered an icv injection of saline or different doses
of compound. The doses used are shown in the figure. The tail-flick responses
were measured at 5, 10, 15, 20, 30, 40, 50, and 60 min after the injection. Each
value represents the mean = SEM for 8~10 mice
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Figure 2 Tail-flick test versus time curves of the antinociceptive effect
of compound 4 after i.v. administration

Groups of mice were administered an iv injection of saline or different doses
of compound. The doses used are shown in the figure. The tail-flick responses
were measured at 5, 10, 15, 20, 30, 40, 50, and 60 min after the injection. Each
value represents the mean+ SEM for 8~ 10 mice
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Figure 3 The analgesic effect of compound 4 when co-administered
with antagonist in the tail-flick test

Antagonism of antinociception elicited by 3 nmol (icv) or 1.6 mg (iv) com-
pound 4 in the tail-flick assay by naloxone (10 mg/kg ip, administered 10 min
before drugs) and by naloxone methiodide (10 mg/kg ip, administered 10 min
before drugs). The error bar indicates the SEM of the mean, and the asterisk
indicates that the response is significantly different from control
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Figure 4 Dose-related analgesic effects of i.c.v. administration of com-
pound 4 in the mouse writhing test

Groups of mice were administered an icv injection of saline or different doses
of compound. The doses used are shown in the figure. The compound were
administered 5 min before i.p. injection of 0.6% acetic acid. The number of
writhes was cumulatively counted for 20 min. Antagonism of antinociception
elicited by 3 nmol (icv) compound 4 by naloxone (10 mg/kg ip, administered
10 min before drugs). Each value represents the mean+SEM for 8~10 mice.
The error bar indicates the SEM of the mean, and the asterisk indicates that the
response is significantly different from the salinetreated group (p<<0.05)
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Figure 5 Dose-related analgesic effects of i.v. administration of com-
pound 4 in the mouse writhing test

Groups of mice were administered an iv injection of saline or different doses
of compound. The doses used are shown in the figure. The compound were
administered 5 min before i.p. injection of 0.6% acetic acid. The number of
writhes was cumulatively counted for 20 min. Antagonism of antinociception
elicited by 1.6 mg (iv) compound 4 by naloxone (10 mg/kg ip, administered 10
min before drugs) and by naloxone methiodide (10 mg/kg ip, administered 10
min before drugs). Each value represents the mean & SEM for 8 ~10 mice. The
error bar indicates the SEM of the mean, and the asterisk indicates that the
response is significantly different from the salinetreated group (p<<0.05)
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