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Supplementary Methods 
S1. Ultra-High Performance Liquid chromatography (U-HPLC)  

The active compounds in the Trachyspermum ammi seed extract (TASE) were quanti-
fied using ultra-high performance liquid chromatography (U-HPLC) [1]. For sample prep-
aration, thyme extract and thymol standard were dissolved in HPLC-grade methanol and 
filtered with a 0.2-µm Whatman filter. Furthermore, the sample was injected (20 ul) in U-
HPLC, which was purchased from Thermo Fischer Scientific, Massachusetts, USA, sepa-
rated using a Mightysil reverse-phase C18 column (4.6 × 250, 5 µm; Kanto Chemical, To-
kyo, Japan), and analyzed via photodiode array (PDA) detector with absorbance spectrum 
set at 270 nm. For mobile phases, water (A) and acetonitrile (B) were used in a gradient 
system of B at 10% for 0–1min, 50% for 1–8 min, 70% for 8–14 min, 95% for 14–16 min, and 
10% for 16-25 min, all at a flow rate of 1 ml/min. A Thymol standard curve was prepared, 
and the amount of thymol was quantified as 33.7% of the extract. 

 

 
Figure S1. U-HPLC analysis of Trachyspermum ammi seed extract (TASE). (a) Thymol standard peak 
was observed at a retention time of 17.106 minutes. (b) TASE dissolved in methanol was injected for 
U-HPLC, and major active phenolic constituent peaks were observed with thymol compound as 
major peak corresponding to thymol standard peak. 



 

S2. Identification of glia percentage in primary hippocampal culture  
The primary hippocampal culture was maintained until DIV 3 and DIV 14 in the rou-

tine neuronal culture medium used for the analysis in this study. 

 
Figure S2. Immuno-cytochemistry showing the neuron- and glia-specific staining. Neuron- (MAP2, 
red) and glia-specific (GFAP, green) markers were used and pointed out using arrowheads. (a) and 
(b) representative images at DIV 3 and DIV 14. (c) percentage of MAP2- and GFAP-positive cells as 
percentages are shown in DIV 3 and DIV 14. MAP2- and GFAP-positive cells percentages were cal-
culated through counting total cells. 

S3. RT-qPCR analysis of NRN1 gene for P1 pups brain lysate  

 
Figure S3. RT-qPCR analysis of NRN1 gene in P1 pups whole brain lysate. One-way ANOVA with 
Dunnett’s and multiple comparisons was used for statistical analysis. * p < 0.05, ** p < 0.01, and *** p 
< 0.001 represent difference between vehicle control and treatments groups. (n = 3 pups from differ-
ent mothers in same treatment group). 

S4. Effect of TASE and thymol on BDNF expression in the mouse pup’s brains 



 

The experimental mice were continuously fed with the vehicle, TASE, and thymol in 
the lactation stage. At post-natal day 12 (P12), the mouse pups’ brains were collected from 
different groups, and the level of mature BDNF was observed via western blot assay. 
BDNF expression was significantly upregulated in the pup’s brain via the TASE 500 
mg/kg (p < 0.01) and thymol 50 mg/kg (p < 0.01) supplementation in the lactating mothers. 

 
Figure S4. Western blot analysis of mouse pups’ brains lysate at P12 stage. (a) Western blot band 
analysis showing BDNF expression in mouse pups’ brains at P12. (b) Relative BDNF expression of 
TASE and thymol treatments with loading control (GAPDH). One-way ANOVA with Dunnett’s 
and multiple comparisons was used for statistical analysis. ** p < 0.01, and *** p < 0.001 represent 
difference between vehicle control and treatments groups. (n = 3 pups from different mothers in 
same treatment group). 

S5. Analysis of Neuronal Viability 
Neuronal cultures were incubated with either vehicle or TASE and thymol with var-

iable concentrations for 8 days. Viable cells were counted via trypan blue exclusion assay 
following the procedure described previously [2, 3]. The cells were washed with Dul-
becco’s phosphate buffered saline (D-PBS, Invitrogen) and stained with 0.4% trypan blue 
for 15 min at 37°C. After washing the trypan blue dye, the cells were fixed with 4% para-
formaldehyde. Since this assay is based on the membrane integrity of the cell, dead neu-
rons are stained with dark-blue color due to the permeable membrane, whereas live neu-
rons have intact membrane integrity, preventing the permeability of dye. Cells on two 
coverslips, with 400-500 cells per coverslip, were counted randomly. Viability was 
determined as the percentage of the ratio of the number of unstained cells (live neurons) 
to the total number of cells counted (live plus dead neurons), as shown Figure S4.  



 

 
Figure S5. Trypan blue exclusion assay for neuronal viability with treatments TASE and thymol. 
Rat hippocampal neurons were cultured with vehicle, TASE, and thymol for 8 days. Neuronal via-
bility was assessed via trypan blue exclusion assay. (a) Images for trypan blue assay for vehicle, 
TASE, and thymol treatments, respectively. Dead neuron is stained dark-blue, as indicated with 
arrowhead. Scale bar, 100 µm, applied to all images. (b) Neuronal viability is determined as propor-
tion of unstained cells (live neurons) to total number of cells counted (live plus dead neurons); via-
bility of control culture is normalized to 100%. Bars represent mean ± SD (n = 4, each with a mini-
mum of 500 neurons). ** p < 0.01 with one-way ANOVA (Dunnett’s multiple comparisons post hoc 
test) represent difference between vehicle control and treatment groups. 



 

 
Figure S6. TASE and thymol promote dendritic arborization in hippocampal neurons. Hippocam-
pal cultures were maintained for 5 days on same culture conditions. Immunostaining was per-
formed using α-tubulin (green) and ankyrin G (red) primary antibodies. Axons are pointed out with 
arrowheads to show the Ankyrin G concentrated area at axon initial segment. (a) Immunofluores-
cence images are represented from hippocampal cultures at DIV 5 to visualize morphological dif-



 

ferences with vehicle and stigmasterol as control. Scale bar, 100 µm, applies to all images. (b) Num-
ber of primary dendrites at DIV 5 neurons. (c) Number of dendrites branching. (d) Total dendritic 
branching points in Sholl circle. (e) Length of dendrites. (f) Total length of dendritic branching order. 
(g) Total dendritic collateral branch points intersections in Sholl circle. (h) Sholl analysis for den-
dritic branching and (i) dendritic intersections points in DIV5 hippocampal neurons. Data points 
represent mean ± SD (n = 30 neurons from three individual experiments). Statistical significance was 
compared to vehicle using one- and two-way ANOVAs with Dunnett’s and Tukey’s multiple com-
parisons tests: * p < 0.05, ** p < 0.01, and *** p< 0.001. 

Table S1. Primers used for amplification of neuritogenesis marker genes in RT-qPCR analysis. 

Genes Forward (5’-3’) Reverse (5’-3’) References 
NGF GCATGGCCAACTACC C CCTTCCTGGCAATCCGT [4] 

BDNF TGCAGGGGCATAGACAAAAGG  CTTATGAATCGCCAGCCAATTCTC [5] 
NAGK GTGCTCATATCTGGAACAGG ACCCTCATCACCCATCATA [6] 
MAP2 TCTAAAGAACATCCGTCACAGG  GGTGAGCATTGTCAAGTGAGC  [7] 
NRN1 GCATGGCCAACTACCC CCTTCCTGGCAATCCGT 

[8] 
GAPDH TGACGTGCCGCCTGGAGAAA AGTGTAGCCCAAGATGCCCTTCAG 
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