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Figure S1. Illustration graphic for a hot-plate test.



Table S1. Escalating dose scheme over 5 days to evaluate potential withdrawal symptoms.
	Days
	Doses (mg/kg)

	
	Morning (AM)
	Afternoon (PM)

	1
	8
	15

	2
	20
	25

	3
	30
	35

	4
	40
	45

	5
	45
	-




Table S2. Escalating dose scheme over 5 days and treatment to evaluate potential kratom extract to ameliorate withdrawal symptoms.
	
	Days
	Doses (mg/kg)
	Days
	Treatment

	
	
	Morning (AM)
	Afternoon (PM)
	
	Morning (AM)
Afternoon (PM)

	Vehicle
group
	1-5
	Vehicle
	Vehicle
	6-8
	Saline

	Morphine groups 1
	1
	8
	15
	6
	Saline

	
	2
	20
	25
	7
	Saline

	
	3
	30
	35
	8
	Saline

	
	4
	40
	45
	
	

	
	5
	45
	-
	
	

	Morphine groups 2
	1
	8
	15
	6
	Crude kratom
 (10 mg/kg)

	
	2
	20
	25
	7
	Crude kratom
 (10 mg/kg)

	
	3
	30
	35
	8
	Crude kratom
 (10 mg/kg)

	
	4
	40
	45
	
	

	
	5
	45
	-
	
	

	Morphine groups 3
	1
	8
	15
	6
	Alkaloid kratom
 (10 mg/kg)

	
	2
	20
	25
	7
	Alkaloid kratom
 (10 mg/kg)

	
	3
	30
	35
	8
	Alkaloid kratom
 (10 mg/kg)

	
	4
	40
	45
	
	

	
	5
	45
	-
	
	




Table S3. Mass spectrometry data of alkaloids identified in the Kratom’s extracts.
	Kratom Alkaloids
	Elemental Composition
	m/z [M+H]+
	Major Ions in MS/MS
	Retention Time (min)

	
	
	References
	Experimental
	References
	Experimental
	

	
	
	
	CE
	AE
	
	CE
	AE
	CE
	AE

	Mitragynine
	C23H30N2O4
	399.2269 – 399.2278 
	399.2280
	399.2271
	238.1424 – 238.1440
	238.1434
	238.1440
	35.45
	35.26

	
	
	
	
	
	226.1428 – 226.1441
	226.1435
	226.1434
	
	

	
	
	
	
	
	174.0906 – 174.0913
	174.0910
	174.0909
	
	

	
	
	
	
	
	110-0958 – 110.0967
	110.0964
	110.0961
	
	

	Paynantheine
	C23H28N2O4
	397.2117 – 397.2133
	397.2105
	397.2121
	236.1266 – 236.1281
	236.1282
	236.1281
	35.90
	35.26

	
	
	
	
	
	224.1268 – 224.1281
	224.1281
	224.1281
	
	

	
	
	
	
	
	174.0907 – 174.0913
	174.0910
	174.0910
	
	

	
	
	
	
	
	159.0555 – 159.0682
	159.0678
	159.0673
	
	

	
	
	
	
	
	108.0804
	108.0808
	108.0805
	
	

	Speciogynine
	C23H30N2O4
	399.2269 – 339.2278 
	399.2280
	399.2269
	238.1430 – 238.1438
	238.1434
	238.1432
	37.64
	37.08

	
	
	
	
	
	226.1431 – 226.1436
	226.1435
	226.1433
	
	

	
	
	
	
	
	174.0909 – 174.0913
	174.0910
	174.0910
	
	

	
	
	
	
	
	110.0855 – 110.0958
	110.0963
	110.0962
	
	

	7-hydroxymitragynine
	C23H30N2O5
	415.2225 – 415.2239
	n.d.
	415.2209
	226.1434 – 226.1436
	n.d.
	226.1432
	n.d.
	32.06

	
	
	
	
	
	190.0739 – 190.0863
	n.d.
	190.0858
	
	

	
	
	
	
	
	110.0865 – 110.0965
	n.d.
	110.0961
	
	

	Speciociliatine
	C23H30N2O4
	399.2270 – 399.2283
	299.2280
	399.2273
	238.1430 – 238.1438
	238.1435
	238.1433
	48.84
	48.82

	
	
	
	
	
	226.1431 – 226.1443
	226.1435
	226.1433
	
	

	
	
	
	
	
	174.0909 – 174.0913
	174.0910
	174.0910
	
	

	
	
	
	
	
	110-0855 – 110.0962
	110.0964
	110.0962
	
	

	Corynantheidine
	C22H28N2O3
	369.2170 – 369.2176
	369.2170
	369.2162
	337.1
	337.1899
	337.1899
	32.68
	32.55

	
	
	
	
	
	298.3
	298.1437
	298.1430
	
	

	
	
	
	
	
	253.3
	253.1695
	253.1690
	
	

	
	
	
	
	
	238.1297 – 238.1441
	238.1434
	238.1432
	
	

	
	
	
	
	
	226.1310 – 226.1441
	226.1435
	226.1433
	
	

	
	
	
	
	
	170.2
	170.0960
	170.0960
	
	

	
	
	
	
	
	144.1
	144.0806
	144.0806
	
	

	
	
	
	
	
	129.0
	129.0544
	129.0545
	
	

	
	
	
	
	
	110-0844 – 110.0963 
	110.0964
	110.0961
	
	


abbreviations: n.d. = not detected, CE = crude extract, AE = alkaloid extract
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Figure S2. Base peak chromatogram of Kratom’s extracts.
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Figure S3. MS/MS spectra of mitragynine identification in kratom’s extracts. Typical fragmentation ions of mitragynine are denoted as listed in Table S3.
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Figure S4. MS/MS spectra of paynantheine identification in kratom’s extracts. Typical fragmentation ions of paynantheine are denoted as listed in Table S3.
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Figure S5. MS/MS spectra of speciogynine identification in kratom’s extracts. Typical fragmentation ions of speciogynine are denoted as listed in Table S3.
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Figure S6. MS/MS spectra of speciociliatine identification in kratom’s extracts. Typical fragmentation ions of speciociliatine are denoted as listed in Table S3.
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Figure S7. MS/MS spectra of corynantheidine identification in kratom’s extracts. Typical fragmentation ions of corynenatheidine are denoted as listed in Table S3.
[image: ] 
Figure S8. MS/MS spectra of 7-hydroxymitragynine identification in kratom’s extracts. Typical fragmentation ions of 7-hydroxymitragynine are denoted as listed in Table S3. 
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Figure S9. Molecular docking interactions diagram. Molecular docking showing interactions of tryptophan hydroxylase (TPH)’s Native Ligand (7,8 Dihydrobiperin (HBI) (A), Morphine (B), and Speciocilliatin (C) with TPH. Morphine and Speciociliatin were docked to TPH at the catalytic site, which was similar to the binding of HBI. 


Tabel S4 Binding Residues of HBI, Morphine, and Speciociliatin to TPH.

	Native Ligand (7,8 Dihydrobipterin (HBI)
	(Control) 
Morphine
	Speciociliatin

	HIS251
	PRO238
	VAL232

	TYR235
	TYR235
	PRO238

	HIS277
	TYR312
	CYS364

	TYR312
	ALA309
	ALA309

	ALA309
	PHE241
	PHE241

	PHE241
	
	GLU317

	
	
	TYR235

	
	
	LEU236

	
	
	HIS251




Tabel S5. Binding Energy of HBI, Morphine, and Speciociliatin to TPH.

	Native Ligand (7,8 Dihydrobipterin (HBI)
	(Control) 
Morphine
	Speciociliatin

	Binding Energy:

	-7.8 kcal/mol
	-8.0 kcal/mol
	-9.0 kcal/mol





Table S6. Docking Results of Targeted Protein (TPH (PDB ID: 1MLW)) with Mitragyna speciosa Korth.
	No.
	Pubchem ID
	Visualization
	Binding Affinity (kcal/mol)
	Interactions

	1
	Speciociliatin
(CID: 15560576)
	

[image: 1mlw_15560576]
	-9.0
	VAL A:232
PRO A:238
CYS A:364
ALA A:309
PHE A:241
GLU A:317
TYR A:235
LEU A:236
HIS A:251


	2
	Paynantheine
(CID: 3037629)
	[image: 1mlw_3037629]
	-8.5
	ALA A:309
PRO A:238
PHE A:250
HIS A:272
HIS A:277
GLU A:273
LEU A:236
PHE A:241
TRY A:235
MET A:124
LEU A:123
SER A:237

	3
	Corynantheidine
(CID: 3000341)
	[image: 1mlw_3000341]
	-8.5
	TYR A:235
LEU A:236
PHE A:241
MET A:124

	4
	Speciogynine
(CID: 15560577)
	[image: 1mlw_15560577]
	-8.5
	LEU A:236
PHE A:241
TYR A:235
MET A:124
LEU A:123
PRO A:238
PHE A:250
HIS A:277
HIS A:272
GLU A:273
SER A:237

	5
	Mitragynine
(CID: 3034396)
	[image: 1mlw_3034396]
	-8.3
	HIS A:277
PHE A:250
HIS A:272
MET A:124
TYR A:125
PHE A:241
TYR A:235
LEU A:236
GLU A:273

	6
	7-Hydroxymitragynine
(CID: 44301524)
	[image: 1mlw_44301524]
	-7.7
	PHE A: 313
CYS A: 364
ALA A:309
PRO A:238
TYR A:312
PHE A:241
HIS A:277
GLU A:273
HIS A:251
PHE A:250
TYR A:235






image3.tiff




image4.tiff
base peak intensity (a.u.)

—Alkaloid Extract 1) e mitragynine [M+H]*

KOS yo Mz = 3992272 A

corynantheidine [M+H]*, [ _
miz = 3692162

P eyt byt SecRclane iy

o Miz = 397.2121

7-hydroxymitragynine [M+H]*
mz = 397 2121

\ J speciogynine [M+HJ
A m/z = 399 2269 "

base peak intensity (a.u.)

—
—Crude Extract I ) T 3
corynantheidine [M+H]* . [ ¥ 1 mitragynine [M+H]* LGN
miz = 369.2162 or Lo, miz=399.2272 ol
- 5 speciociliatine [M+H]*
paynantheine [M+H]" miz = 3992273

W) miz = 397.2121
o Ja

I speciogynine [M+H]*
il miz = 399.2269

L. L. I X iJLthLL—-—.

5 10 15 20 25 30 35 40 45 50 55 60
retention time (min)




image5.tiff
intensity (a.u.)

intensity (a.u.)

3E+08
3E+08
2E+08
2E+08
2E+08
2E+08
1E+08
9E+07
6E+07
3E+07

OE+00
9E+07

8E+07

TE+07
6E+07
5E+07
4E+07
3E+07
2E+07
1E+07
OE+00

Scan#12186 @34.66min MS2 (399.2264), CE: 56.7 p + base peak: 399.2272 m/z (2.0E8)

alkal extract
Scan definition: FTMS + p ESI d Full ms2 399.2264@hcd56.67 [50.0000-427.4150]
3992272
174,0909 *
°
159.0672
110.0961 260434
75.0439 238.1440
* T T 367.2019
- bbbt ot e S
Scan#12481 @35.45min MS2 (399.2269), CE: 56.7 p + base peak: 399.2280 m/z (6.5E7)
Scan definition: FTMS + p ESI d Full ms2 399.2269@hcd56.67 [50.0000-427.4155]
399.2280
174.0910 [
1)
159.0671
110.0964 226.1435
238.1434
75.0440 T T 367.2009
- . . e .
50 100 150 200 250 300 350 400 450 500

m/z




image6.tiff
4E+07

3E+07

N
m
+
o
5

1E+07

intensity (a.u.)

OE+00
4E+05

3E+05
s 2E+05

1E+05

intensity (a.u.)

OE+00

Scan#12402 @35.26min MS2 (397.2110), CE: 56.7 p + base peak: 174.0910 m/z (2.7E7)

Scan definition: FTMS + p ESI d Full ms2 397.2110@hcd56.67 [50.0000-425.3591]

174.0910

alkaloid extract

397.2121
159.0673
2241281 2361281
56.0494 75.0439 108.0806 2001070 T T 3281538 )
L “r T T L] T T T -
Scan#12641 @35.90min MS2 (397.2117), CE: 56.7 p + base peak: 174.0910 miz (2.3E5)
Scan definition: FTMS + p ESI d Full ms2 397.2112@hcd56.67 [50.0000-425.3600]
174,0910
o
972129 A
159.0678 N
2241281
2361282
56.0494 75.0440 108.0808 2001088 3281538
’ ™
50 100 150 200 250 300 350 400 450 500

m/z




image7.tiff
8E+07
TE+07
6E+07
5E+07
4E+07
3E+07
2E+07
1E+07

OE+00
2E+07

intensity (a.u.)

2E+07

2E+07

1E+07
T 1E+07
& 1E+07
2 8E+06
£ 4e+06
2E+06
0E+00

int

Scan#13046 @37.08min MS2 (399.2264), CE: 56.7 p + base peak: 174.0910 m/z (6.1E7)
Scan definition: FTMS + p ESI d Full ms2 399.2264@hcd56.67 [50.0000-427.4149]
174.0910

226.1433 238.1432
56.0404 720439 110.0062

oy v L

200.1083 T 328.1539

399.2269 ~

alkaloid extract

3 56.0494

Scan#13256 @37.64min MS2 (399.2270), CE: 56.7 p + base peak: 174.0910 m/z (9.9E6)
Scan definition: FTMS + p ESI d Full ms2 399.2270@hcd56.67 [50.0000-427.4155]

174.0910

75.0440 226.1435 238.1434

110.0963

200.1070 TJ 328.1544

399.2280

0 50 100 150 200 ) 300

350

500




image8.tiff
5E+07

Scan#17171 @48.82min MS2 (399.2263), CE: 56.7 p + base peak: 174.0910 m/z (4.6E7) alkaloid extract
Scan definition: FTMS + p ESI d Full ms2 399.2263@hcd56.67 [50.0000-427.4148]
4E+07 {
- 174.0910
2 sEs07
s 1 399.2273
2
@ 2E+07 ]
c
L
£ 1E+07 ] 75.0439 110.0962 226.1433
56.0494 200.1069 2381433 3281537
0E+00 1 . | E— |
5E+07 -
Scan#17196 @48.84min MS2 (399.2268), CE: 56.7 p + base peak: 174.0910m/z (3.3E7)
Scan definition: FTMS + p ESI d Full ms2 399.2268@hcd56.67 [50.0000-427.4153]
4E+07 ]
- 174.0910 3092280
& 3E+07 {
-y
@ 2E+07 {
(]
£
= 1E+07 { 75.0440 110.0964 2061435 2381435
56.0494 200.1069 3281539 3
0E+00 ] TV S —— —
0 50 100 150 200 250 300 350 400 450 500




image9.tiff
intensity (a.u.)

intensity (a.u.)

5E+07

4E+07

3E+07

2E+07

1E+07

OE+00
5E+06

4E+06

3E+06

2E+06

1E+06

OE+00

Scan#11441 @32.55min MS2 (369.2161), CE: 56.7 p + base peak: 144.0806 m/z (3.5E7)
Scan definition: FTMS + p ESI d Full ms2 369.2161@hcd56.67 [50.0000-396.8044]

144.0806

110.0961 226.1433

56.0494 750439 238.1432

170.0960

369.2162

298.1430 337.1899
! X

alkaloid extract

Scan#11501 @32.68min MS2 (369.2165), CE: 56.7 p + base peak: 144.0806 m/z (3.7E6)
Scan definition: FTMS + p ESI d Full ms2 369.2165@hcd56.67 [50.0000-398.8048]
144.0806

110.0964 226.1435

75.0440 238.1434

56.0494

369.2170

[ 2981437  337.1899

50 100 150 200 250 300

350

400





image10.tiff
Scan#11266 @32.06min MS2 (415.2214), CE: 56.7 p + base peak: 415.2207 m/z (2.4E7)
Scan definition: FTMS + p ESI d Full ms2 415.2214@hcd56.67 [50.0000-443.7298]

190.0858

110.0961

56.0495 2261432

] |

299.1765
\

alkaloid extract

4152219
o
Ho
Q 1
383.1950
T o

50 100 150 200 250 300
m/z/

350 400 450 500




image11.png
A \

7,8-Dihydrobiopterin @
-t

TVRTE

Morphine

PHEZAT

a3

RO 238

PHE 241

ki

ol §

> Speciociliatin

- ‘Hydrogen Bond
[ Other Interactions




image12.png




image13.png
Interactions

[] van der Waals

B conventional Hydrogen Bond
‘Carbon Hydrogen Bond
M unfavorable Donor-Donor

[ Fi-pistacked

Alkyl
Pi-Alkyl





image14.png
B conventional Hydrogen Bond
B e

Interactions

Pi Stacked





image15.png
Interactions

[] van der Waals

B conventional Hydrogen Bond
‘Carbon Hydrogen Bond
M unfavorable Donor-Donor

[ Fi-pistacked

Alkyl
Pi-Alkyl





image16.png
Interactions
[] van der Waals

I conventional Hydrogen Bond
‘Carbon Hydrogen Bond

ILE
nses 5

VAL,
A:232 cYs
A:252

[ Pi-pi Stacked
Alkyl
Pi-Alkyl





image17.png




image1.png




image2.svg
          


