Engineering Long-Acting Injectable In situ forming Implants for Sustained Delivery of Citalopram in Depression Management

Table ST1: Screening of different excipients as per Quality Target Product Profile (QTPP) based on CMAs and CQAs
	Ingredients
	Concentration
	Implant formation
	In vitro release profile
	Stability

	Polymers
	
	
	
	

	PLGA 50:50
	15-40%

	Yes
	BR to CR at 35-40%
	Yes

	PLGA 75:15
	
	Yes, weak
	BR
	No
The solution became too viscous, not feasible for injection

	PLGA 85:15
	
	Yes, weak
	BR
	

	PLGA 50:50+PLGA 75:25
	
	Yes
	BR
	

	PLGA 50:50+PLGA 85:15
	
	Yes
	BR
	

	Co-Polymers

	Poloxamer 188
	0.2-2.5%
	Yes
	CR, very slow
	No
Solidification of the formulation after 24 hours (not feasible for injections)

	Carbopol
	0.5-1%
	Yes
	BR to CR, very slow
	

	Polyethylene glycol-polypropylene glycol-polyethylene glycol (PEG-PPG-PEG block co-polymer)
	1-5%
	Yes
	BR to CR
	

	Solvents

	DMSO
	10-25%
	Yes
	BR to CR at 20-25%
	Yes

	NMP
	10-15%
	Yes
	BR
	No
solvent separation over time

	Benzyl alcohol
	PLGA not soluble
	No
	-
	-

	Benzyl benzoate
	5-20%
	Yes, weak
	BR
	No
Solvent separation over time

	DMA
	10-17.5%
	Yes, weak
	BR
	

	DMSO + benzyl benzoate
	5-10%
	Yes, weak
	BR
	

	Benzyl alcohol + benzyl benzoate
	5-10%
	Yes, weak
	BR
	

	DMSO + DMA
	5-10%
	Yes, weak
	BR
	

	PEG 400
	30-60%
	Yes, weak
	BR to CR at 30-35%
	Yes

	Propylene glycol
	5-40%
	No
	-
	-

	PEG 3350
	5-10%
	Yes
	CR
	No
Solidification of the formulation after 24 hours (not feasible for injections)

	PEG 4000
	5-10%
	Yes
	CR
	

	Oils

	Sesame oil
	5-10%
	Yes
	CR
	

	Miglyol 812 N
	5-10%
	No
	-
	PLGA and drug precipitated

	Castor Oil
	5-10%
	No
	-
	Too viscous, not feasible for injection with PLGA


BR: Burst release, CR: controlled release
Table ST2: HPLC Method development and Validation of Citalopram.
	Column
	Phenomenex Luna C18 column

	Dimensions
	250 x 4.6 nm, 5µm particle size

	Detector, wavelength
	PDA, UV, 239 nm

	Injection volume
	10 µL

	Flow rate
	1 mL/min

	Run time
	20 mins

	Retention time
	12 ± 0.9 mins

	Mobile Phase
	75:25 (0.5 mM Sodium phosphate: Acetonitrile) Mobile Phase pH adjusted to 3.5 using 42% w/w ortho-phosphoric acid

	Validation Parameters
	Results

	Precision
	The relative standard deviation of 100 ppm solution was <2%
Recovery on Intra-day precision: 98-102%
Recovery on Inter-day precision: 98-102%

	Accuracy
	The relative standard deviation of RT, Area, and height of all the three concentrations 80, 100, and 120% of 100 ppm solution was <2%, with recovery within 98-102%

	Linearity
	Correlation is not less than 0.9997 ± 0.0001

	LOD and LOQ
	By Standard deviation and slope method
LOD: 2.80 µg/mL
LOQ: 8.50 µg/mL



Table ST3: Drug content of pure drug, blank formulation and optimised citalopram ISFI (F4)
	Drug
	Theoretical concentration*(mg/mL)
	Observed concentration (mg/mL)
	Assay (%R ± SD)

	Pure drug
	0.118
	0.118
	99.813 ± 0.626

	Blank formulation**
	0.529
	0.526
	99.525 ± 2.546

	F4
	0.379
	0.384
	101.154 ± 1.146 


*As only approximately 10mg of formulation was taken for assay, the theoretical content mentioned in table is calculated as per the weight of formulation added for assay. 
**Blank formulation was spiked with drug to verify the complete recovery and identify any matrix effects on drug extraction.

[image: ]
Figure S1: Chromatogram illustrating (a) pure drug: citalopram at 239nm (11.30 mins); (b) blank formulation extracted using DMSO and ethanol (RT: 2.88 min)

Table S4: Stability studies of citalopram ISFI as long-term and accelerated storage conditions (n=3)
	Storage conditions
	Months
	% Drug content

	Long term (5°± 3 °C)
	1
	100.45 ± 2.19

	
	2
	99.86 ± 1.98

	
	3
	102.19 ± 0.77

	Accelerated conditions (25°C±5°C/60±5%RH)
	1
	101.58 ± 1.02

	
	2
	100.25 ± 2.19

	
	3
	102.53 ± 0.41



DMSO limits calculation
Guidance for calculation of max dose using animal tox data (https://www.fda.gov/media/72309/download)
Step 1: Reference LD₅₀ Values (Blood Stream)
	Species
	LD₅₀ (g/kg) via the bloodstream

	Monkey
	4.0


We’ll use monkey (LD₅₀ = 4.0 g/kg) as it’s closest physiologically to humans.
 Step 2: Human Equivalent Dose (HED)
The formula for allometric scaling (based on body surface area):
HED (mg/kg)=Animal dose×(Km of animal/Km of human)
Km of monkey= 12
Km​ of human = 37
Monkey LD₅₀ = 4000 mg/kg
HED = 4000* (12/37) = 1297 mg/Kg
Step 3: Calculate for 70 kg Human
Max single dose=1297 mg/Kg * 70Kg = 90.8 grams
Approximate single-dose maximum of DMSO via the bloodstream in a 70 kg human = ~90.8 grams, based on monkey LD₅₀ and standard interspecies scaling.
This is a lethal dose estimate (LD₅₀) - meaning 50% of subjects could die at this dose. Therapeutic or safe human doses should be far lower, typically 1/100 to 1/1000 of LD₅₀
Safe Starting Point for Human Use (Estimation): more than 100:
Using a safety factor of 100
90.8 g/100 = 900 mg per 70 kg human
So, a safe estimate for systemic DMSO exposure might be ~900 mg/day – from a calculation based on USFDA guidelines
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