Supplementary Table 1 : Dosing schedule to induce morphine-dependence related

withdrawal signs in rats.

Days Time (h) Dose (mg/kg; i.p.)
1st 4.00 pm 10
ond 9.00 am 10
4.00 pm 10
9.00 am 20
3rd
4.00 pm 20
9.00 am 30
4th
4.00 pm 30
9.00 am 40
5th
4.00 pm 40
9.00 am 50
6th
4.00 pm 50
7th Abruptly stop to see 1% scored after 24 hours
withdrawal symptoms




Supplementary Table 2 : The counted signs and checked signs with the respective weighing
factors for the evaluation of morphine-withdrawal severity in rats.

Checked signs
Counted signs Weighing factors (Checked every 10 Weighing factors
minutes)
Chewing 2 Squeaking on touch 1
Head shakes 2 Hostility on 1
handling
Exploring 1 Diarrhoea 1
Digging 2
Yawning 2
Teeth chattering 2
Wet dog shakes 2
Writhing 2




Morphine withdrawal model

Individual behaviour scores after spontaneous morphine withdrawal

The individual signs which contributed to the overall withdrawal scores are shown in Suppl.
Tab 3. Counted signs consist of chewing, head shake, exploring, digging, yawning, teeth
chattering, wet dog shake and writhing. On the other hand, squeaking on touch, hostility on
handling and diarrhoea were checked and counted at 10 minutes interval. In our set up, there
were occasional episodes of chewing, exploring, digging and yawning in the vehicle group.
For morphine-withdrawn rats, two-way ANOVA revealed a significant treatment effect for
counted signs; chewing (F(1, 168y = 58.62, P < 0.0001), head shakes (F, 168) = 279.3, P < 0.0001),
exploring (F, 168y = 176.9, P < 0.0001), digging (F(, 168) = 9.806, P = 0.0021), yawning (F,
168) = 3.990, P = 0.0474), teeth chattering (F, 168) = 622.1, P < 0.0001), wet dog shake (F, 168)
= 97.61, P < 0.0001), writhing (F, 168) = 32.92, P < 0.0001 whereas for checked signs;
squeaking on touch (F, 168y = 74.58, P < 0.0001), hostility on handling (F, 168) = 56.61, P <
0.0001) and diarrhoea (F(1, 168) = 21.41, P < 0.0001). For day factor, significant effect was
observed only in the case of chewing (F7, 168y = 2.976, P < 0.0001), head shakes (F7, 168) =
13.92, P <0.0001), exploring (F(7,168) = 2.152, P = 0.0018), teeth chattering (F(7, 168) = 20.25,
P < 0.0001), wet dog shakes (F7, 168y = 1.911, P = 0.0073), writhing (F7, 168) = 2.079, P =
0.0027), hostility on handling (F7, 168y = 2.861, P < 0.0001) and diarrhoea (F7, 168) = 1.718, P
= 0.0211), but not in digging, yawning and squeaking on touch behaviours (p>0.05).
Significant interaction between treatment and days were seen for behaviours such as chewing
(F27,168) = 2.376, P = 0.0005), head shakes (F(7, 168y = 13.92, P < 0.0001), exploring (F(27, 16s)
= 1.840, P = 0.0108), teeth chattering (F(7, 168y = 20.25, P < 0.0001), wet dog shakes (F7, 168)
=1.911, P = 0.0073), writhing (F7, 168y = 2.079, P = 0.0027), hostility on handling (F7, 168) =
2.861, P <0.0001) and diarrhoea (F(27,168) = 1.718, P = 0.0211) (Suppl. Tab 3). No changes in

body weight were observed throughout the studies (data not shown).



Supplementary Table 3: Individual signs of spontaneous morphine withdrawal (chewing,
head shakes, exploring, digging, yawning, teeth chattering, wet dog shakes, writhing,
squeaking on touch, hostility on handling, diarrhoea) during 28 abstinence days, in vehicle
and morphine (MOR) treated rats. Data represent means (£ SEM) of individual behavioural

signs (n=6/group; *p<0.05, **p<0.01, ***p<0.001 vs. Vehicle) within 28 days.

Signs of withdrawal syndrome

Days | Group Chewing Head shakes Exploring Digging Yawning ch;—tetztr?ng
Day | Vehicle 5413 0£0 17.25+1.9 0£0 0+0 0£0

1 MOR 23+£6.6% | 185+£126%* | 463+84* | 25+15 0+0 5.5+ 0.5%%*
Day | Vehicle 2+08 0+0 15.25+3.1 0£0 0+0 0£0

2 MOR | 265+85%* | 175+17%* | 2475+116 | 2.5%25 0+0 4.5+ 0.5%%
Day | Vehicle 4+08 0+0 2.75+0.9 0£0 0+0 0£0

3 MOR | 31+158%* | 125+19%* | 27.25+9.0 1+1.0 0+0 4£0.8%x
Day | Vehicle 00 0£0 5.75+0.6 0£0 0+0 0£0

4 MOR 75+43 8.5 + 1*** 15438 05+05 | 05%05 | 3.5%05%*
Day | Vehicle 2408 0£0 6.75+1.3 0£0 0+0 0£0

5 MOR 175+7.8 7.5 + 1x 24+57 05+05 | 05+05 | 11+1.3%*
Day | Vehicle | 05:05 0+0 75+12 0£0 0+0 0+0

6 MOR 115+33 6 + 1.4%* 295+6.8 1+06 05+05 | 7+0.6%*
Day | Vehicle | 21082 0+0 6.75+1.11 0£0 0+0 0+0

[ MOR 7447 45+15* 285+7.0 0£0 05+05 | 75&1%**
Day | Vehicle 1+1 0+0 115+43 0£0 0+0 0£0

8 MOR 14462 4+14 33+55 35+35 0+0 3+1.3%
Day | Vehicle | 2082 0£0 10+1.1 0£0 0+0 0£0

S | MOR | 185:85 | g5xigm | 22T 05+05 0+0 5 & Lo
Day | Vehicle | 3058 0+0 1175403 2408 15+05 00

10 mor 6+2.6 25+05 37.5+10.9 1+1 1510 3+0.6%
Day | Vehicle | 35096 0+0 65+1.0 05+05 | 05+05 00

111 mor 16+85 45+2.2% 1572.65**%* 1+1 25425 | 55 1%
Day | Vehicle 00 0+0 5.25+0.6 0£0 0+0 00
121 MOR | 135:62 45+22% 1‘;%2,?* 1+1 25+25 5 4 1rwx
Day | Vehicle | 25:05 0+0 85+0.6 0£0 1.0+06 00

13 | MOR | 235+85%* 35+35 35+6.3 2414 1.0£06 | 9£0.6%**




Days | Group Chewing sﬂgligs Exploring Digging Yawning ch;—tiitrri]ng
Day Vehicle 1.5+£0.96 00 9.25+0.5 0x0 0505 00
14 MOR 11+44 351 45 £13.1** 0505 00 10 + 1.4%**
Day Vehicle 05+05 0+0 6.75+1.2 1.0+06 15+05 0+0
15 MOR 165+2.6 45+ 1* 22.25+05 1+1 0505 1+0.6
Day Vehicle 0505 00 7.25+£0.9 0505 0505 00
16 MOR 95+55 3+13 28.25+5.2 35+17 0+0 10 £ 1.2%**
Day Vehicle 4+0.82 0+0 105+1.2 15+1.0 05+05 0+0
17 MOR 35+13 214 21521 0x0 1510 45+ 1.5%**
Day Vehicle 2+0.82 00 8.25+1.0 05+05 15+05 00
18 MOR 25+13 15%1 2425+73 05+05 0+0 1+£06
Day Vehicle 00 00 425+0.9 0+0 00 00
19 MOR 3+x13 1+1 29+£52 0x0 4+24 3.5 & 1***
Day Vehicle 6+1.41 00 5.25+05 0+0 00 0+0
20 MOR 15+1 1+1 32+57 15+15 0+0 0+0
Day Vehicle 15+15 0+0 13.25+25 05+05 05+05 00
21 MOR 15+1 00 36.25+9.0 15+£15 0+0 00
Day Vehicle 0.25+0.3 0+0 8525 00 0505 00
22 MOR 1+0.6 00 30.75 £ 5.5* 15+15 00 00
Day Vehicle 00 00 6+1.2 0+0 00 00
23 MOR 15+1 00 29.25+40 15+£15 0505 00
Day Vehicle 15+1 0+0 475+ 0.6 15+05 1+0.6 00
24 MOR 15%1 00 31.25+6.3* 15+£15 00 00
Day Vehicle 15+1 00 85+23 00 00 00
25 MOR 2515 00 22+54 00 15+1.0 00
Day Vehicle 00 00 3.75+£0.6 0+0 00 0+0
26 MOR 2515 00 11.75+£29 0505 33 00
Day Vehicle 15+05 00 7.75+£0.5 0505 00 00
21 MOR 00 00 7.75+£2.8 0x0 1+1 00
Day Vehicle 00 00 15.25+0.85 0+0 00 0+0
28 MOR 00 00 13.25+1.7 00 00 00




Signs of withdrawal syndrome

_— Squeaking on Hostility on .
Days | Group Wet dog Shakes Writhing touch handling Diarrhoea
Vehicle 0+0 0£0 00 0+0 0+0
Day 1
MOR 19+8.6 7 £ 3.5%** 3+ 0** 3£ 0*** 00
Vehicle 0+0 0£0 00 0+0 0+0
Day 2
MOR 11529 35+29 225+0.38 2+0.7* 3£ 0***
Vehicle 00 0£0 00 00 00
Day 3
MOR 14+24 25+15 2+0.7 2.25+0.8** 0+0
Vehicle 0£0 0£0 00 0+0 0+0
Day 4
MOR 8+3.6 45+29* 15+09 0£0 0+0
Vehicle 0£0 0£0 00 0£0 0+0
Day 5
MOR 18+10.4 4+14 1.75+0.38 15+09 0.75+0.8
Vehicle 0+0 0£0 00 0£0 0+0
Day 6
MOR 145+34 05+05 0.75+0.8 15+09 0.25+0.3
Vehicle 0£0 0£0 00 0+0 0+0
Day 7
MOR 7+0.8 1+0.6 225+0.38 15+09 0.75+0.8
Vehicle 0£0 0£0 00 0+0 00
Day 8
MOR 115+3.3 35+17 15+09 15+09 05%05
Vehicle 0£0 0£0 00 0£0 0+0
Day 9
MOR 175+2.2 4+24 225+0.8 2.25+0.8** 0.75+0.8
Vehicle 0£0 0£0 00 0£0 00
Day 10
MOR 10+1.38 15+05 25+05* 2.25+0.8** 0.75+0.8
Vehicle 0£0 0£0 00 0+0 00
Day 11
MOR 39.5 £ 21.7*** 1+0.6 0.75+0.8 0.75+0.8 00
Vehicle 0£0 0£0 0+0 0+0 00
Day 12
MOR 33.5+ 15.8*** 1+0.6 0.75+0.8 0.75+0.8 00
Vehicle 00 0£0 00 0£0 00
Day 13
MOR 31 £ 15.0%** 05+0.5 15+09 1+0.7 0+0




Signs of withdrawal syndrome

- Squeaking on Hostility on .

Days Group Wet dog Shakes Writhing touch handling Diarrhoea

Vehicle 0+0 00 0+0 0+0 0+0
Day 14

MOR 21+82 0+0 15+0.9 1+07 0+0

Vehicle 0+0 00 0+0 0+0 0+0
Day 15

MOR 20.5+5.4* 05+05 0.75+0.8 0+0 0+0

Vehicle 0+0 00 0+0 0+0 0+0
Day 16

MOR 7+17 05+05 0.75+0.8 0+0 05%05

Vehicle 0+0 00 0+0 0+0 0+0
Day 17

MOR 15+33 05+05 0.75+0.8 0£0 0.25+0.3

Vehicle 0+0 00 0+0 0+0 0+0
Day 18

MOR 9+24 0£0 0.75+0.8 0£0 0.75+0.8

Vehicle 0+0 00 0+0 0+0 0+0
Day 19

MOR 225+7.2 35+17 225+0.8 0.75+0.8 0£0

Vehicle 0+0 00 0+0 0+0 0+0
Day 20

MOR 55+29 0£0 0.75+0.8 0£0 0.75+0.8

Vehicle 0+0 00 0+0 0+0 0+0
Day 21

MOR 45+32 0£0 0.75+0.8 0£0 05+05

Vehicle 0+0 0+0 0+0 0+0 0+0
Day 22

MOR 55+29 0£0 0.75+0.8 0£0 0£0

Vehicle 0+0 0+0 0+0 0+0 0+0
Day 23

MOR 7+£26 0£0 0.75+0.8 0£0 05+05

Vehicle 0+0 0+0 0+0 0+0 0+0
Day 24

MOR 55+29 0£0 0.75+0.8 0£0 05+05

Vehicle 0+0 0+0 0+0 0+0 0+0
Day 25

MOR 6+1.6 0£0 0.75+0.8 0£0 0.75+0.8

Vehicle 0+0 0+0 0+0 0+0 0+0
Day 26

MOR 35+05 0£0 0£0 0£0 0£0

Vehicle 0+0 0+0 0+0 0+0 0+0
Day 27

MOR 210 0£0 0£0 0£0 0£0

Vehicle 0+0 0+0 0+0 0+0 0+0
Day 28

MOR 0£0 0£0 0£0 0£0 0£0




Supplementary Table 4: Haematological analysis on day 5 of all groups of treatment.
Means £ SEM of n= 6 rats/group. *P<0.05, **P<0.01, ***P<0.001 vs. Vehicle, #P<0.05,
##P<0.01, ###P<0.001 vs. MOR analysed by two-way repeated measures ANOVA and

Bonferroni post-hoc test.

MOR- MOR- MOR- MOR- MOR- References
Groups VEH VEH MG MG MG MG value
5mg/kg 10mg/kg 15mg/kg 30mg/kg
Total RBC (x | 7.025+
J0n121L) 018 7125402 | 7.38+061 | 6.65+0.12 | 6.15+0.78 | 6.7+023 | 6.39-8.01
Haemoglobin | 15825+ | 137.25+ 14275+ | 14025% | 13025+
(gm/L) 6.34 357 | 131758041 g, 2.95 6.16 135-159
PCV (%) 42+1 41+3 44+3 39+1 38+1 3942 42-49
60.25 + 56.75 + 58.75 +
MCV (fL) 03 > % 50.25 + 0.48 L6 555+1.55 | 57.75+ 16 | 58.01-67.00
23251+
MCH (pg) | 21041 |195+087 | 18+041 | 215+0.87 e 19.5+0.65 | 18.70-21.20
345 + 367.5+ 3725+ 3425 +
MCHC (g/L) | 315+6.45 18,03 302.5+4.79 o e 5513 310-336
15.83 + 15.63 + 14,63 + 1515+
0, -
RDW (%) 013 pped 14.03 £ 0.48 o1 15.9 + 0.09 38 13.03-16.57
Total WBC (x 12.65 +
T0n0/L) 585+159 | 6.2+16 | 3.95+142 | 4.65+0.77 - 713+2.32 | 3.00-9.22
Lymphocytes 5725+ 61.25 + 46.25 £ )

%) oy 635+4.29 | 7925+149 | 545+7.35 | 0 e 51.8-89.7
Mor(‘%ytes 15+065 | 575+1.55 | 1254025 |475+1.11 | 5254266 | 225095 | 1.3-6.0
EOS'(’;/OO')Dh"S 00 0+0 05+05 | 05+029 | 05%05 | 05%05 0.5-7.2

Basophils (%) 0%0 0£0 0%0 0£0 0£0 0£0 0-0.6
Plateletcount | 887.25+ | 10415+ 708.5 + 866.25 + 881 + 940.5 % 529.0-
(x 10°9/L) 58.88 75.08%% | 223.2%%u | 62104 | 126984 | 64.31 1383.0




MOR- MOR- MOR- MOR- MOR- MOR- [ ooco o

Groups MET MET MET BUP BUP BUP e

0.5mg/kg 1.0mg/kg 2.0mg/kg 0.4mg/kg 0.8mg/kg 1.6mg/kg
Total RBC (x 713+ 6.73 +
JontoiLy | 685024 o 7284027 | 7.13+0.05 | 6.93+0.25 16 6.39-8.01
Haemoglobin 1485 + 148.75 + 1455 +
i) 149 + 4.4 260 157 +4.64 | 150 +4.24 200 g 135-159
PCV (%) 41+1 40+1 43+1 43+1 40+1 40+2 42-49
MCV (fL) | 59+1.08 | 56+058 | 5925+149 | 59.75+1.03 | 5825+111 | 2922* | 580l
1.55 67.00
18.70-
MCH (pg) | 22+041 2140 | 2175063 | 22+058 | 21.75+048 | 222071 2120
MCHC (g/L) | 370x408 | S72°% | 3675x25 | 3725:25 | 3725:25 | So0* | 310-33
15.45 + 1533 + 15.95 + 13.03-
0,
RDW (%) o 030 16.65+0.77 | 1514017 | 159%03 ¥ 657
Total WBC 413+ 428 +
(10ng/L) | 573%182 e 413+027 | 345073 | 3.83+08 s 3.00-9.22
Lymphocytes 58.25 + 64.5 + 65.75 + )

%) g Lo 60.75+4.25 | 6525+025 | 555+7.08 323 51.8-89.7
Mor('%ytes 2754125 | 25+1.44 | 3.75+0.85 34058 2754025 | 45+1.04 | 1.36.0
Eosinophils 0.25 0.25+

%) 0£0 e 0£0 0£0 0.75 +0.48 s 0.5-7.2
Basophils 0£0 0£0 0%0 0£0 0£0 0£0 0-0.6

(%)

Plateletcount | 73425+ | 78025+ | 677.75+ 670 + 648.5 + 843 + 529.0-
(X10°O/L) | 47.00%%#s# | 80.65## | 5707+t | 22.87% st | 60.26% *### | 782344 |  1383.0




Supplementary Table 5: Biochemical analysis on day 5 of all groups of treatment. Means +

SEM of n= 6 rats/group. *P<0.05, **P<0.01, ***P<0.001 vs. Vehicle, #P<0.05, ##P<0.01,

###P<0.001 vs. MOR analysed by two-way repeated measures ANOVA and Bonferroni post-

hoc test.

Substitution MOR- MOR- MOR- MOR- MOR- References
Groups VEH VEH MG MG MG 15mg/kg MG value
5mg/kg 10mg/kg 30mg/kg

Total

Bilirubin 170 170 170 17%0 170 170 0.0-5.1

(umol/L)
178 £ 182.25 + 165 + 150.75

AST (U/L) 29 86 2183 125 2421 1395+ 7.66 139+ 7.55 56.1-201.8
65.5 + 775+ 575+

ALT (U/L) 487 53.5+0.87 281 1151 53.5+5.89 475+751 34.9-218.1

Alkaline 370.67 £ 4235+ 433.25 +

phosphatase 275 2855+ 69.86 275 % 102.85***### | 80.69***### | 131.6-459.0
25.02 70.12 o 44.08

(U/L) it

Sodium 1455+ 1455+ 1425 + 14425 +

(mmol/L) 09 132 176 111 1445 +1.04 145+ 0.71 121.9-162.6

Potassium 8.77 8.45+ 8.13+

(mmol/L) 045 7.2+0.19 004 056 8.55+0.58 8.58 £0.51 4.0-8.0

Chloride 100.75 = 102.25 £ 104 £ 1035+

(mmol/L) 048 063 1.35 1.19 103.75+0.75 | 100.75+1.89 | 81.5-104.0

Urea 10.25 + 6.825 + 6.98 + 6.55 +

(mmol/L) 05 0.94 117 0.68 6.88£0.54 5508 4.32-34.4

Creatinine 559+ 49.95 + 50.63 + 4335+

(umol/L) 551 236 271 097 4488 +1.23 47.08 £ 2.55 35.4-79.6

Total

cholesterol 198 | 1234005 | 1O8F | LOTS: 1 y5.014 | 1525:011 | 068177
0.14 0.22 0.17

(mmol/L)

Triglycerides 0.98 = 0.88 +

(mmol/L) 0.8+0.15 | 1.03+0.43 014 0.25 0.63 +£0.09 0.55+0.09 0.23-0.99

Calcium 2.68 £ 243+ 238+

(mmol/L) 008 25+0.07 0.06 0.06 25+0.11 2.6 £0.07 2.1-29

Phosphorus 3.65+ 273 +

(mmol/L) 016 3.03+£0.23 | 3.3+0.37 028 3.23+0.14 2.98 £0.03 1.0-3.94

Total protein 68.5 + 58.75 +

g/l 233 64 +3.34 595+£25 193 62.5+2.96 63.25 £0.25 52-71

Albumin (g/l) | 30£0.82 | 26,5+ 1.04 Z%i%i 231%‘21' 27.25+225 | 2525+18 | 26.85-34.55

. 385+ 34.25 + 355+

Globulin (g/l) 185 37.5+£2.99 243 299 35.25+1.25 38+£1.78 13-48

AJG Ratio 0.775 = 0.75+ 0.65 +

(/) 003 0.73+£0.05 0.06 0.09 0.8 +£0.06 0.7 +£0.07 0.6-1.21
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MOR-

MOR-

MOR-

MOR-

MOR-

MOR-

é‘igfj“g”t'on BUP BUP BUP MET MET MET Re‘:/e;iréces
P 0.4mg/kg 0.8mg/kg 1.6mg/kg | 0.5mg/kg 1.0mg/kg 2.0mg/kg
Total
Bilirubin 1.7+£0 170 1.7+0 170 1.7+0 1.7+0 0.0-5.1
(umol/L)
173.25 170.25 £ 187.25 191.25 179.25 £
AST (U/L) 8.38 202 +20.99 18.14 25 14 18.63 1357 56.1-201.8
58.75 = 56.25 53.75
ALT (U/L) 431 60.5+10.14 384 582 61.5+9.95 70.25 £ 8.66 34.9-218.1
Alkaline
274.75 = 354.75 294.25 + 352.75 =
?S?E?hatase 29 25 60.73%*4 63.25 57 02%*s 313+34.31 | 313.75+33.4 | 131.6-459.0
Sodium 1445 + 142.25 £ 143.25 £
(mmol/L) 132 1435+1.44 085 1.89 1435115 143.25+0.25 | 121.9-162.6
Potassium 8.37 6.45 + 7.45 +
(mmol/L) 0.53 8.3+1.13 018 0.53 6.7 £0.91 9+0.17 4.0-8.0
Chloride 1025 + 101.25 +
(mmol/L) 102+1.08 | 103.5+1.19 15 0.48 101 +£0.71 102.25 £ 0.25 81.5-104.0
Urea 9.43 t 8.25+ 8.43
(mmol/L) 051 8.48 +0.13 056 097 7.88 +0.51 7.75+0.38 4.32-34.4
Creatinine 48.83 + 451+ 49.7 £
(umol/L) 230 45.33£4.32 309 6.13 44,68 £1.49 495 +2.32 35.4-79.6
Total
cholesterol 167f8i 1.3840.12 1(')5f7i 1(')43; 1.3+0.04 148+0.1 0.68-1.77
(mmol/L) ' ' )
Triglycerides 0.63 = 0.73 %
(mmol/L) 0.06 1.13+0.18 0.05 0.8+0.09 | 1.13+£0.28 0.63+0.13 0.23-0.99
Calcium 253+ 2.6+
(mmol/L) 003 25+0.07 0.06 255+0.1 | 2.48+0.08 2.5+0.08 2.1-2.9
Phosphorus 315+ 298 3.08 =
(mmol/L) 0.23 3.05+0.28 0.2 0.26 2.65+0.17 2.88+0.1 1.0-3.94
Total protein 63.75 = 64.75 = 62.75 +
g/l 149 62 +2.04 125 229 65.75+1.38 66.5 +0.29 52-71
Albumin (g/l) 2; 'gsi 245+1.04 | 26+1.73 252'73‘21' 26.75+075 | 27.25+144 | 26.85-34.55
Globulin (g/l) 361'2454* 375+ 1.66 381'74ii 374091 | 39+1.22 39.25+16 13-48
A/G Ratio 0.68 + 0.68 +
(/) 0.8+0.04 0.68 £ 0.03 0.06 0.06 0.7£0.04 0.7£0.07 0.6-1.21
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Supplementary Table 6: The microscopic structures of the lung; pulmonary vessel (PV),
bronchiole (B), alveoli (AV); heart; mycocyte (n), myocardiums (M), blood vessels (BV); liver;
central vein (CV), sinusoids (S), endothelial cells (EC), hepatocytes (H) and kidney;

glomerulus (G), Bowman’s capsule (BC), renal corpuscle (RC).

Groups/
Organ

VEH

MOR

MG 30
MGKG
MOR

MET1 [g95
MGKG [0




