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34 1. Metabolic profiling of n-hexane fraction of Ocimum forskolei and isolation of 

35 ursolic acid

36 LC-MS was carried out using a mass spectrometer of Synapt G2 HDMS quadrupole time-of-

37 flight hybrid (Waters, Milford, CT, USA). A two ml of the sample was injected into a BEH 

38 C18 column (2.1 × 50 mm), which was optimized to 40° C, and then connected to the guard 

39 column. The gradient elution was employed, where the mobile phase consisted of purified 

40 water (A) and acetonitrile (B) containing 0.1% formic acid in each. The gradient program 

41 started with 10% B which was increased linearly in 30 min to 100% B at a flow rate of 300 

42 µL/min and remained isocratic for 5 min before linearly decreasing to 10% B in 1 min. The 

43 injection volume was adjusted at to 10 µL, the tray temperature was maintained at 12° C with 

44 a total analysis time of 45 min. for each sample. High resolution mass spectrometry was carried 

45 out in both positive and negative ESI ionization modes with a spray voltage of 4.5 kV, a 

46 capillary temperature of 320° C and a mass range acquired at m/z from 150 to 1500. The 

47 MZmine 2.12 was employed for investigation of data, followed by converting the raw data into 

48 positive and negative files in mzML format with ProteoWizard. The compounds were then 

49 dereplicated and identified using the Dictionary of Natural Products (DNP) database 1.

50 The n-hexane fraction (400 mg) was subjected to VLC fractionation on a silica gel column using n-

51 hexane-EtOAc gradient mixtures of increasing polarities (20, 30, 40, 50 and 100%). The effluents 

52 were collected in fractions which were concentrated to give four subfractions (II 1-II 4). Subfraction 

53 II 4 (70 mg) was subjected to silica gel column using DCM-MeOH gradient mixtures where a white 

54 powder was precipitated and purified. Then, it was dissolved in DMSO-d6, at a concentration of 1 

55 mg/500 µl of DMSO-6, and subjected to 1H-NMR analysis via a Brüker Avance, 400 MHz, NMR 

56 spectrometer, Germany), using Tetramethyl Silane (TMS) as a reference. This was followed by co-

57 chromatography in comparison with an authentic ursolic acid sample obtained from pharmacognosy 

58 department, faculty of pharmacy, Deraya university. The run system used for TLC co-

59 chromatography was DCM:Methanol 95:5 and the Rf values were measured.
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60 Fi

61 gure S1: LC-HR-MS chromatogram of n-hexane fraction of Ocimum forskolei; negative 

62 mood

63

64 Figure S2: LC-HR-MS chromatogram of n-hexane fraction of Ocimum forskolei; positive 

65 mood

66 Table S1. Dereplicated metabolites from LC-HR-MS analysis of n-hexane fraction of 

67 Ocimum forskolei

No. Compound
Acc. Mass

g/mol
m/z

Mol. 

formula

Chemical 

class
Ref
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1 4-hexenoic acid 114.07 114.011 C6H10O2 Fatty acid 2

2 Fumaric acid 116.01 116.013 C4H4O4 Fatty acid 3

3
Dihydroxybenzoic 

acid
154.03 153.011 C7H5O4

Phenolic 

compound
4

4 Eugenol
164.08

164.082 C10H12O2
Phenolic 

compound
5

5 Vanillic acid 168.04 168.005 C8H7O4
Phenolic 

compound
6

6
Ligustilidiol

224.10 224.104 C12H16O4 Iridoid 7

7 12-hydroxy 

jasmonic acid

226.12
226.113 C12H18O4 Cyclopenta-

none derivative
8

8
Sacidumol A

236.10 236.104
C13H16O4 Phenolic 

compound 9

9 Nigellicine 246.10 246.109

C13H14N2

O3
Heterocyclic 

compound
10

10
2-Hydroxy-9,12,15 

-octadecatrienoic 

acid

294.46 294.467 C18H30O3 Fatty acid 11

11 Sanguinone A 298.11 298.004
C15H14N4

O3

Pyrrolo-

quinoline 

alkaloid

12

12 Synparvolide C 300.12
300.120 C14H20O7 Heterocyclic 

compound
13

13
Aegyptinone A

310.16 310.157
C20H22O3 Heterocyclic 

compound
14

14
Scillascillin

312.06
312.062 C17H12O6 Homoisoflavan

one
15

15 Sahandone 324.21 324.187 C21H26O3 Diterpene 16
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16

5-O-Caffeoyl 

shikimic acid 336.08
336.084 C16H16O8 Phenolic 

compound
17

17

5-O-p-Coumaroyl 

quinic acid 338.10 338.099
C16H18O8 Phenolic 

compound
18

18

3-(3,4-

Dihydroxyphenyl)-

2-hydroxy 

propanoic acid
360.08 360.082 C18H16O8

Phenolic 

compound
19

19 Ursolic acid 456.36
456.129

C30H48O3 Triterpene 20

68

69

70 A



6

71

72 B

73

74 C

75 Figure S3 A, B & C Integrated  1H-NMR spectra of Ursolic acid (DMSO-d6, 400 MHz)

76 Table S2. A list of 1H-NMR chemical shifts of ursolic acid



7

Assignment
Chemical shift 

δH

Integration, Multiplicity & J 

(Hz)

H-3 3.06 1H, s

H-12 5.04 1H, br s

H-18 2.10 1H, d, J= 11 Hz

H-23 0.90 3H, s, CH3

H-24 0.85 3H, s, CH3

H-25 0.83 3H, s, CH3

H-26 0.80 3H, s, CH3

H-27 0.91 3H, s, CH3

H-29 0.79 3H, d, J= 6.4 Hz

H-30 0.85 3H, d, J= 6 Hz

77

78 2. Formulation of UA emulgel

79 Poloxamer, chitosan, PVA were purchased from Merck chemicals, USA. Ltd, Olive oil and 

80 lecithin from Sigma-Aldrich, USA, methanol from Sigma- Aldrich, Germany and glycerol 

81 from Ranbaxy laboratories Ltd. Three different formulations: UAE1, UAE2 and UAE3 were 

82 prepared by dissolving the defined amount of the drug in ethanol and lecithin then mixed with 

83 5 ml of Olive oil, followed by addition of the surfactant and co-surfactant in well closed tubes 

84 for 24 hrs on magnetic stirrer at 200 rpm (75° C) and finally centrifugating the suspension at 

85 5000 rpm (Figure S. Clear supernatant liquid was separated and filtered, then the absorbance 

86 was measured by a UV spectrophotometer (Shimadzu UV-1280, Japan) at 214 nm. The 

87 resulting emulsion was then cooled at room temperature by immersion in a thermostatic bath 

88 (10.0±0.1°C). 21, 22

89

90 Table S3: Composition of different formulations of UA
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Components UA-E1 UA-E2 UA-E3

UA 2% w/w 2% w/w 2% w/w

Poloxamer 25% w/w - -

PVA - - 25% w/w

Chitosan (in 1% v/v 

glacial acetic acid)
- 25% w/w -

Olive oil 20% w/w 20% w/w 20% w/w

Lecithin 7.5% w/w 7.5% w/w 7.5% w/w

Glycerol 2.5% w/w 2.5% w/w 2.5% w/w

Water q.s. 100% q.s. 100% q.s. 100%

91

92
93

94 Figure S4: A schematic presentation for preparation steps of the emulgel
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95

96                                                      A         B        C

97   Figure S5. UA formulations: (A) UAE1, B) UAE2 and C) UA-E3 

98 Table S4. physical examination of the three formulations

Formulation Color Odor Grittiness
Phase 

separation
Homogeneity

Emulsion White
pungent, fruity 

smell
-ve None Homogenous

UAE1 Light green
pungent, fruity 

smell
-ve Slight Homogenous

UAE2 White
pungent, fruity 

smell
-ve None Homogenous

UAE3
Dull light 

green

pungent, fruity 

smell
-ve Separated Slight

99

100 3. Characterization of the UA emulgel

101 The drug content (D.C.) was assessed based on the following equation: 

102  Drug content =   …………………Equation 1(𝐶 × 𝐷.𝐹 × 𝑉) × 𝐶.𝐹

103 Where; C, Concentration, D.F, Dilution factor, V, Volume taken and C.F, Conversion factor. 

104 Additionally, 1 gram of each formulation was taken in a porous aluminum foil and placed 

105 separately in a 50 ml beaker containing 10 ml of 0.1 N NaOH, for measuring the swelling index 

106 (S) according to the equation:
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107  …………………Equation 2
𝑆% =

𝑊𝑡 ‒ 𝑊0

𝑊0
× 100

108 Wt = Weight of swollen emulgel after time t, Wo = Original weight of emulgel at zero time.

109 Moreover, 0.25g of each formulation was enclosed in a dry test tube and observed over a 

110 temperature range of 2–50°C, where the temperature was changed gradually (5°C/h) to 

111 measure gelation temperature 23.

112  The bioadhesion measurement

113 The bioadhesion measurement was performed using the modified Jolly balance method, to 

114 rationalize the mucoadhesion characteristics of the optimized emulgel 24, using the following 

115 equation:

116 Bioadhesion force (N) =  …………………Equation 3

𝐵𝑖𝑜𝑎𝑑ℎ𝑒𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ
1000

 × 9.81

117  The centrifugation test

118 In addition, the centrifugation test used to check the stability of the emulgel was performed by 

119 centrifugation of 5 g of UAE2 at 5000 rpm for 10 min at temperature of 25°C, then visually 

120 observing any signs of creaming or phase separation 25. Besides, the globule size and ƺ-

121 potential of all formulations were measured by zetasizer (Malvern zetasizer, 90) with the aid 

122 of a disposable sizing cuvette at 25.1°C, where 1 ml of the sample was diluted with 10 ml water 

123 and the results were recorded 24. 

124

125  The permeation study

126 As well, the modified Franz diffusion cell was used for permeation study, as reported 26. where 

127 the mechanism of UA release from UAE2 was calculated according to the following kinetic 

128 models 27, 28:

129 1. Zero order           𝑅=𝐾0𝑡    

130 2. First order:      𝑅 = 1 ‒ 𝑒 ‒ 𝑘1𝑡

131 3. Higuchi diffusion model:   𝑄 = 𝐾𝐻 × 𝑡1/2
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132 4. Baker–Lonsdale model:  3⁄2[1 ‒ (1 ‒ 𝑀𝑡⁄𝑀∞)2/3  ] ‒ 𝑀𝑡⁄𝑀∞) =  𝐾3𝑡

133 5. Hixson–Crowell cube root law: )

𝑑𝑊
𝑑𝑡

= 𝐾𝐶(𝐶𝑠 ‒ 𝐶

134 6. Whereas R, Q or Mt/M∞ refers to the fraction of drug released at time t, K, K3 or KH is 

135 the rate constant related to each model.

136  The scanning electron microscopy

137 Finally, the morphology and dimensions of the inner oil phase of the UAE2 emulgel were 

138 evaluated by Field Emission Scanning Electron Microscopy (SEM) using an electron high 

139 tension of 5 and 15 kV as reported 29.

140 Table S5. Characterization of the three formulations

Formulation Viscosity 

(Pa)

pH Drug 

content 

(%)

Swelling 

index %

Gelation 

temperature 

(° C)

Bioadhesion 

strength (N)

UA emulsion 17±15 7.2±0.2 93.2±3 - - -

UA-E1 250±20 6.8±0.5 86.5±5 1.3±0.1 18±0.5 2.7±0.2

UA-E2 301±33 6±0.2 90±7 2±0.23 23±1 3.8±0.1

UA-E3 240±25 7±0.4 67±2 1.7±0.15 15±2 2.1±1

141

142 4. The analgesic assessment 

143 The animals were grouped as previously prescribed and formulations were topically applied to 

144 the knee zone. A radiant heat source was used and the rats responses of leg withdrawal was 

145 timely recorded. The time from the start of heat application to leg withdrawal (in seconds) was 

146 taken as the leg withdrawal latency, determined immediately (0), at 5, 10, 15, 30, 45 and up to 

147 60 min and repeated for five times (with an interval of 5 min) where the mean of five readings 

148 was recorded. The intensity of the heat source was fixed via a constant voltage-power supply 

149 and a maximum cut-off latency of 15 seconds was optimized to avoid skin damage, where the 

150 maximum possible analgesia (MPA) was calculated 30.
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151                           Test reaction time  -  start reaction time

152 MPA =

153 15 - start reaction time      

154

155 Table S6. Results of anti-inflammatory activity

Knee joint diameter (mm)Group

Time 0 30 m 1 h 2 h 4 h 6 h 8 h

Control 7.22±0.09 7.31±0.07 7.38±0.05 7.8±0.15 8.18±0.12 8.78±0.16 9.3±0.06

Plain 

emulgel

7.85±0.05 7.96±0.09 8.04±0.12 8.33±0.06 8.47±0.06 8.77±0.15 9.31±0.11

UA-

emugel

8.00±0.03 6.95±0.11 6.48±0.1 5.90±0.1 5.29±0.1 4.53±0.03 4.60±0.1

Algason 8.04±0.03 7.66±0.11 6.74±0.02 6.52±0.11 5.70±0.13 5.26±0.04 4.72±0.15

156 Each value represents the mean ± SD (N = 6). Statistical analysis were done by One-way 

157 ANOVA followed by the student’s T-test (*P<0.05, **P<0.01, ***P<0.001).

158

159 Table S7. Results of analgesic activity:

Latency to reaction (s)Group Basal 

reaction time 

(s)
15 min 30 m 45 m 60 m

I 3.5±0.5 2.25±0.4 2.25±0.4 2.25±0.4 2.25±0.4

II 3.5±0.5 2.25±0.4 2.25±0.4 2.25±0.4 2.25±0.4

III 3.5±0.5 5±0.2 8.75±0.25 12.5±1 13.5±1
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IV 3.5±0.5 4.75±1.7 6.25±0.4 8.75±0.4 8.75±0.7

160

161

162

163

164 5. The local anaesthetic assessment

165 Table S8. Results of local anaesthetic activity:

Latency to Reaction(s)Gp BRT 

(s)

Start of 

anasthesia 

(m)
At 

1 m

At 

2 m

At 

3 m

At

15 m 

At 

30 m

 At 

1 h

At

2 h

At 

3 h

I 1.5±0.

5

- 1.5±

0.5

1.5±0.

5

1.5±0.

5

1.5±0.

5

1.5±0.

5

1.5±0.5 1.5±0.

5

1.5±0.5

II 1.5±0.

5

- 1.5±

0.5

1.5±0.

5

1.5±0.

5

1.5±0.

5

1.5±0.

5

1.5±0.5 1.5±0.

5

1.5±0.5

III 1.5±0.

5

1.5±0.5 3.5±

0.5

5.0±0.

2

5.5±0.

5

7.8±0.

8

8.5±0.

3

13±0.7 13±0.

7

15.5±0.

2

IV 1.5±0.

5

3.75±0.5 4.7±

0.2

4.7±0.

2

5.5 8±1 8±1 10.5±0.

5

6.4±0.

2

4.8±0.2

166 BRT refers to Basal reaction time.
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167

168 Figure S6. Sciatic nerve isolation and local anaethetic assessment

169 6. Network Pharmacology-Based Analysis of Ursolic Acid for Osteoarthritis

170  Collection of ursolic acid related targets from herbal databases

171 he target genes were obtained through a search within the Traditional Chinese Medicine 

172 Systems Pharmacology Database and Analysis Platform (TCMSP) database (https://old.tcmsp-

173 e.com/index.php) 31, BATMAN-TCM platform (http://bionet.ncpsb.org.cn/batman-tcm/) 32. 

174 After that, and these target genes converted into their conical gene names using the UniProt 

175 database (https://www.uniprot.org/) 33.

176

177  Screening of wound healing process related target genes

178 Genes associated with osteoarthritis process were collected from the GeneCards database 

179 (https://www.genecards.org/) 34 and Comparative Toxicogenomics Database (CTD) 

180 (http://ctdbase.org/ ) 35 databases using the keywords " Osteoarthritis " and the species limited 

181 to "Homo sapiens". Duplicate targets were removed, and overlapping component-related and 

182 disease-related proteins were identified based on interactivenn (http://www.interactivenn.net/) 

183 36 intersections as potential targets of these components in osteoarthritis process.

184  Protein–Protein Interaction (PPI) Network Construction

185 A PPI network with STRING version 12.0 (https://string-db.org/) 37 was produced using a 

186 query list of target genes and exported to Cytoscape software version 3.10.0 (USA) 38, a free 

https://old.tcmsp-e.com/index.php
https://old.tcmsp-e.com/index.php
http://bionet.ncpsb.org.cn/batman-tcm/
https://www.uniprot.org/
https://www.genecards.org/
http://ctdbase.org/
http://www.interactivenn.net/
https://string-db.org/
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187 software package for visualizing, modeling, and analyzing molecular and genetic interaction 

188 networks (confidence score = 0.400) and the top 10 important genes were screened using the 

189 Cytohubba plug-in.

190 7. Molecular docking investigation

191 The X-ray crystallographic structure of TNF-α was co-crystallized with 6,7-Dimethyl-3-

192 [(methyl(2-[methyl((1-[3-(trifluoromethyl)phenyl]-1H-indol-3-yl)methyl) amino]ethyl)- 

193 amino)methyl]-4H-chromen-4-one (PDB: 2AZ5, ligand ID: 307) obtained from the Protein 

194 Data Bank (https://www.rcsb.org/structure/2AZ5). The X-ray crystallographic structure of 

195 TGF-βR1 (PDB: 1VJY) was acquired from the protein data bank 

196 (https://www.rcsb.org/structure/1VJY) 39 and the native ligand naphthyridine (ligand ID: 460) 

197 was redocked into the protein. 

198 Moreover, docking of UA against NF-κB protein active site (PDB: 1SVC) 

199 (https://www.rcsb.org/structure/1SVC) was performed [3]. Furthermore, docking against 

200 Voltage Gated Sodium Channel (VGSC) was also performed, where VGSC Nav 1.4-1 complex 

201 is one of the molecular targets for local anesthetics 40, which has been previously identified to 

202 have an active site as a cavity composed of four voltage-sensing domains (VSD-I to VSD-IV) 

203 with six segments for each domain and with a resolution of 3.2 Ao (PDB: 6AG) 41. Regarding 

204 docking against Matrix Metalloproteinase‑9 (MMP-9), the active site (PDB: 4XCT) was 

205 obtained from the protein data bank (https://www.rcsb.org/structure/4xct) 42. 

206Table S9: Molecular docking results and interacting residues for UA and co-crystallized 

207ligand in TNF-α (PDB: 2AZ5), TGF-βR1 (PDB: 1VJY) and NF-κB (PDB: 1SVC) active 

208site

Active 

site

Compound Glide 

score 

(kcal/mol)

Glide 

energy

(kcal/mol)

Interacting 

Residues

Type of 

Interaction

Ursolic acid -2.85 -24.45 Leu120 H-bondTNF-α

(PDB: 

2AZ5)

Ligand 307 - 4.68 -46.29 Tyr 119 π-cation

TGF-βR1

(PDB: 

1VJY)

Ursolic acid -3.04 -40.10 Glu 228

Lys 342

2 H-bond

H-bond,

  Salt bridge

https://www.rcsb.org/structure/2AZ5
https://www.rcsb.org/structure/1VJY
https://www.rcsb.org/structure/1SVC
https://www.rcsb.org/structure/4xct
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Ligand 460 -8.50 -70.12 His 283

Asp 351

Glu 245

H-bond

H-bond

Salt bridge

Ursolic acid -3.36 -37.78 Lys 147

Lys 244

Salt bridge

H-bond

NF-κB 

pathway

(PDB: 

1SVC)

Dexamethasone -4.16 -42.03 Lys 52

Gln 53

Leu 251

Glu 341

H-bond

H-bond

2 H-bond

H-bond

209

210 Table S10. Molecular docking results and interacting residues for UA and the co-

211 crystalized ligand (ID: N73) in MMP-9 (PDB: 4XCT) active site

212 Table S11. Primers sequences used in qRT-PCR

Primer Genbank accession no. Sequence 5' to 3'

IL-1β
NM_031512.2

Forward  GTG ATG AAA GAC GGC ACA CC

Reverse   TCC TGG GGA AGG CAT TAG GA

TGF-β NM_021578.2 Forward  GCT GAA CCA AGG AGA CGG AA

Active site Compound Glide 

score 

(kcal/mol)

Glide 

energy

(kcal/mol)

Interacting 

Residues

Type of 

Interaction

Ursolic 

acid

-3.00 -34.52 Gln 405

Lys 1244

H-bond

H-bond

MMP-9

( PDB : 

4XCT ) Ligand 

N73

- 6.30 -69.13 Leu 188

Ala 189

His 226

Zn 302

H-bond

H-bond

π-π stacking

π-cation and 

metal 

coordination 

bond
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Reverse  GAA GTT GGC ATG GTA GCC CT

TNF-α NM_012675.3 
Forward  CCT CTC TGC CAT CAA GAG CC

Reverse  GGC TGG GTA GAG AAC GGA TG

NF-KB NM_001276711.2 
Forward  CAG CAG ATG GCC CAT ACC TT

Reverse  CTG TCA TCC GTG CTT CCA GT

COX-2 NM_017232.4 
Forward  TTC GGG AGC ACA ACA GAG TG

Reverse  CAG CGG ATG CCA GTG ATA GA

MMP-9 NM_031055.2
Forward  GCA TCT GTA TGG TCG TGG CT

Reverse  CGT GCG GGC AAT AAG AAA GG

TIMP-1 NM_053819.1 
Forward  CCT AGA GAC ACG CTA GAG CAG

Reverse  ACC GGA AAC CTG TGG CAT TT

GAPDH NM_017008.4
Forward  CTC TCT GCT CCT CCC TGT TC

Reverse  CGA CAT ACT CAG CAC CAG CA

213

214

215
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