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Animals are widely used in scienti fi c research as 
highly specifi c ‘models’ of humans. Primary cell 
culture is a widely used model to reduce and replace 
the use of animal models, as per the 3R concept. 
We investi gated cell sti mulatory eff ects of selected 
botanical preparati ons on primary human stem cell 
cultures, in place of animal models. Primary human 
fi broblast stem cell (hFSC), human mesenchymal 
stem cell (hMSC), and human haematopoieti c stem 
cell (hHSC) cultures, were established in-house, 
and characterized by immunophenotyping. Varying 
concentrati ons of selected botanical preparati ons 
(mature leaf concentrate of Carica papaya Sri Lankan 
wild type culti var [MLCC], disti llates of Vernoina/
Mallotus [VMD], and Ficus benghalensis [FBD]) were 
tested ex vivo for cell proliferati on sti mulati on on 
these cell platf orms, using the MTT assay. Compared 
with untreated controls, signifi cant proliferati ve 
eff ects were demonstrated by MLCC on female (at 
0.2% concentrati on) and male (0.6%) hMSCs, and 
on male and female hHSCs (0.6-0.2%) (P<0.05). FBD 
(0.05-1.2%) sti mulated signifi cant proliferati on of 
both male hMSCs, and male hHSCs, but inhibited 
proliferati on of female hMSCs (P<0.05), with no 
signifi cant eff ects on female hHSCs. Conversely, VMD 
(0.2-1%) showed signifi cant inhibitory eff ects on 
both male and female hMSCs, yet at 0.6% showed 
signifi cant proliferati ve eff ects on female hHSCs 

(P<0.05). Selected VMD concentrati on exhibited 
approximately 1.5-folds higher % cell sti mulati on than 
the positi ve control (p < 0.01).   Thus, eff ecti ve cell 
proliferati ve concentrati ons of botanical preparati ons 
were identi fi ed using primary stem cell lines, aligning 
with “replacement” as per the 3R concept.

Keywords: Human stem cells; botanical preparati ons; 
cell proliferati on sti mulants; 3R concept; Animal 
models  

1. Introducti on

 Animals widely used in scienti fi c, especially biomedical 
research as highly specifi c ‘models’ for humans have 
helped in the development of life saving cures for both 
humans and animals. In the 3 R concept, introduced 
by Russel and Burch “replacement” elaborate on 
‘alternati ves’ to substi tute the use of animal models 
in research (Pollo et al., 2004). Primary cell cultures 
are one such widely used model to minimize and 
replace the use of animal models (Hussain et 
al., 2023).  Stem cells, which are a cohort of cell 
populati ons residing in diff erent ti ssues, have the 
ability to self-renew and diff erenti ate into diff erent 
mature cell types  (Zakrzewski et al, 2019). These 
are widely used in therapy, in current treatment 
regimens against a wide range of diseases. Stem cell 
sti mulants are important pharmaceuti cal reagents, 
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which are used to sti mulate stem cells in vivo and 
in vitro. As the available syntheti c and recombinant 
sti mulants are toxic and pose side eff ects, along with 
their exorbitant prices, pharmaceuti cal innovati ons 
are now directed towards inexpensive, nontoxic, 
phyto-sti mulants (Udalamaththa et al., 2016).  Sri 
Lanka, as a country with a rich biodiversity, and 
ti me-tested traditi onal medicine practi ces, possess 
numerous cues directed towards the possibility of 
stem cell therapy using botanical preparati ons.  The 
current study aimed at investi gati ng cell proliferati on 
sti mulatory eff ects of selected botanical preparati ons 
on primary human stem cell cultures; an inexpensive 
screening platf orm from biological waste, in place 
of animal models, as a novel approach in search of 
eff ecti ve natural sti mulants (Udalamaththa et al., 
2021). 

 Research Hypothesis – The selected botanical 
preparati ons would exert signifi cant proliferati ve 
sti mulati on eff ects on in-house established human 
stem cell cultures, proving the potenti al for replacing 
the animal models in drug development pipelines. 

2. Materials and Methods

2.1 Ethical Approval

Ethical approval for the studies was obtained from 
the Ethics Review Committ ee, Faculty of Medicine, 
University of Colombo (ERC/15/133), and the Ethics 
Review Committ ee of the Lady Ridgeway Hospital for 
Children, Colombo 8 (ERC-LRH/DA/01/2016).

2.2 Preparati on of botanical extracts

Mature leaves of Carica papaya of the Sri Lankan 
wild type variety were collected from plants 
maintained without insecti cides from a home garden 
at Borelasgamuwa, Colombo district (longitudes 
6.8412° N; lati tudes 79.9025° E). The mature leaf juice 
of Carica papaya Sri Lankan wild type variety (MLCC) 
was prepared essenti ally following the procedure 
described by Gammulle et al. (2012).

The aqueous disti llate of Vernonia/Mallotus (VMD) 

was prepared using fresh mature leaves, collected as 
practi ced in Sri Lankan Traditi onal Medicine from two 
individual plants from a  home garden in Gampaha 
(longitude- 80◦ 0ʹ 51.7176″ E, lati tude- 7◦ 5ʹ 14.3160″ 
N), according to the method described by Ratnayake 
et al (2024).

The aqueous disti llate of Ficus benghalensis was 
prepared using fresh leafl ets and aerial roots collected 
from a home garden in Gampaha (longitude- 80◦ 
0ʹ 51.7176″ E, lati tude- 7◦ 5ʹ 14.3160″ N). It was 
prepared according to the traditi onal medicine 
practi ces by homogenizing 250g of fresh leafl ets and 
250g of fresh aerial prop roots in 1500 ml of disti lled 
water for 10 min, and fi ltering through eight layers of 
muslin cloth. The resultant fi ltrate was disti lled using 
a Liebig condenser following the standard disti llati on 
process.

All botanical preparati ons were sterilized using 0.45 
μm syringe fi lters prior to use in cell culture protocols.

2.3 Human biological sample collecti on

Prior approval was obtained from the Director, de 
Soysa Maternity hospital, Colombo 08 to collect 
human cord blood and cord ti ssue samples. Samples 
were collected into sterile containers with transport 
medium from voluntary parti cipants with informed 
consent, who underwent electi ve C-secti on for term 
delivery. Human neonatal foreskin samples obtained 
from routi ne circumcision surgeries at Lady Ridgeway 
Hospital were collected into sterile containers with 
transport medium following informed consent.

All collected samples were transported to the 
cell culture facility in the Combinatorial Research 
Laboratory at the University of Colombo and were 
processed immediately.

2.4 Establishment and characterisati on of primary 
human stem cell lines  

Explant method was used to isolate human 
mesenchymal stem cells from umbilical cord ti ssue 
samples, and human dermal fi broblast stem cells 
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from neonatal foreskin samples according to 
methods described by Venugopal et al., (2011), 
and Vangipuram et al., (2013), respecti vely. For 
characterisati on of stem cell lines, cell surface markers 
were selected according to the ISCT guidelines 
(Dominici et al., 2006), and immunophenotyping 
was carried out according to the manufacturer’s 
instructi ons (BD stemfl ow human Mesenchymal 
Stem Cell [hMSC] analysis kit, BD Biosciences, USA). 
Trilineage diff erenti ati on was carried out according 
to previously described methods by Venugopal and 
co-workers (2011).

Collected cord blood samples were processed 
according to the protocol recommended by EasySep™ 
Human Cord Blood CD34 Positi ve Selecti on Kit II, 
and hHSCs were cultured, maintained, sub-cultured, 
and cryopreserved according to protocols used by 
Broxmeyer and Colleagues (2003).

2.5 Evaluati on of stem cell proliferati ve sti mulatory 
acti vity of botanical preparati ons using the MTT 
assay

hMSCs, and hFSCs were plated in 96 well plates 
(Corning, USA) at a seeding density of 5000 cells/well, 
whereas hHSCs were plated at 15,000 cells/well, and 
incubated at 37 °C in a CO2 incubator for 24 hours 
in the standard complete cell culture medium. Next, 
the cells were treated in triplicates, for 48 hours with 
appropriate percentages of botanical preparati ons 
diluti ng the crude juice/disti llate in disti lled 
water and incubati ng under standard cell culture 
conditi ons. The positi ve control for hMSCs and hFSCs 
was the syntheti c growth factor - β fi broblast growth 
factor [bFGF at 4 ng/μl, Sigma-Aldrich, USA]), while 
for  hHSCs  it was the Syntheti c Cytokine Cocktail - 
Stem cell factor; 50 ng/ml, Thrombopoieti n; 10 ng/
ml, Flt3L; 50 ng/ml, Interleukin 6; 10 ng/ml). The 
positi ve and normal (sans treatment) controls were 
maintained in culture medium. MTT assay was 
carried out according to Bellagamba and co-workers 
(2016). Opti cal density (OD) measurements were 
obtained using a microplate reader (BIO-RAD, Model 
680, USA) using a 540 nm fi lter. OD values for each 

percentage of botanical preparati on were compared 
with normal and positi ve control OD values to 
calculate the percentage of cell proliferati on or 
inhibiti on (proliferati on sti mulatory or inhibitory 
eff ects) as follows:

Percentage of proliferati on/inhibiti on = ([Test OD – 
Control OD)/Control OD] x 100

2.6 Stati sti cal Analysis

Stati sti cal analyses were performed using SPSS 29.0 
(IBM, USA). All ex vivo experiments were performed 
in triplicate and presented as mean ± SD. Results were 
generated from three independent experiments.

3. Results and Discussion

3.1  Eff ects of botanical preparati ons on hMSCs 

Figure 1 illustrates the eff ects of diff erent botanical 
preparati ons on male and female hMSCs. Figure 1A 
shows  signifi cant proliferati on sti mulatory eff ects at 
0.2% and 0.6% of MLCC concentrati ons on female 
and male hMSCs respecti vely, whereas FBD (Figure 
1B) shows signifi cant proliferati ve eff ects on male 
hMSCs at 0.05,0.2,0.4,0.8 and 1% but signifi cant 
inhibitory eff ects on the female hMSCs, at all tested 
concentrati ons (P<0.05). Conversely VMD (Figure 1C) 
showed signifi cant inhibitory eff ects on both male 
(at 0.6 and 1.2%) and female hMSCs (0.1 – 0.8%) 
(P<0.05).

1A
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Figure 1. Proliferati ve sti mulatory eff ects of diff erent 
botanical preparati ons on male and female hMSCs. 
Eff ects of 1A) MLCC, 1B) FBD, and 1C) VMD on 
male and female hMSCs. Signifi cant proliferati ve/ 
inhibitory percentages are denoted *(P<0.05).

3.2 Eff ects of botanical preparati ons on hHSCs

Figure 2 shows the eff ects of diff erent botanical 
preparati ons on male and female hHSCs. As depicted 
in fi gure 2A, MLCC  shows signifi cant proliferati ve 
eff ects on male and female hHSCs at all tested 
concentrati ons, excluding male hHSCs at 0.2 and 
0.4 % (P<0.05). Figures 2B and 2C are evident of 
signifi cant proliferati ve eff ects of FBD and VMD on 
male hHSCs at all tested concentrati ons, with no 
signifi cant impact on female hHSCs, but showing 
signifi cant proliferati ve eff ects on female hHSCs at 
only 0.6% concentrati on (P<0.05).

Figure 2. Proliferati ve sti mulatory eff ects of diff erent 
botanical preparati on on male and female hHSCs. 2A) 
Eff ects of MLCC; 2B) Eff ects of FBD; 2C) Eff ects of VMD 
on male and female hHSCs. Signifi cant proliferati ve 
percentages are marked with a *(P<0.05).

3.3 Eff ects of VMD on hFSCs

As shown in fi gure 3, VMD  concentrati ons of 
0.5%, 0.25% and 0.125% with % cellular viability/
proliferati on of 242.1%, 304.3% and 273.23%, 
respecti vely, exhibited approximately 1.4, 1.7 and 
1.5-folds higher % cell proliferati on sti mulati on than 
the positi ve control (p < 0.01).  

Figure 3. Eff ect of VMD on hHFC proliferati on 
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Signifi cant proliferati ve sti mulatory acti vity compared 
to the control is shown with maroon star marks, 
while signifi cant inhibitory and proliferati ve acti vity 
compared to the positi ve control is shown with red 
star marks

(*p < 0.05, **p < 0.01, ***p < 0.001).

As de monstrated by the above results, the selected 
botanical preparati ons demonstrated benefi cial 
signifi cant proliferati ve sti mulatory acti viti es on 
hMSCs, hHSCs and hFSCs. However, as per the 
results, the signifi cance of the acti vity varied 
depending on the concentrati ons of botanical extract 
used, gender of the stem cells, as well as the type 
of the botanical extract used. These results are 
on par with previously reports where signifi cant 
changes of eff ects of botanical preparati ons were 
demonstrated due to the presence of varying 
concentrati ons of phytochemicals, and selecti ve 
geneti c eff ects of genes related to sex chromosomes 
(Campesi et al., 2019). As an advanced step forward, 
the sti mulants could be tested in organoid cultures 
directed towards ti ssue regenerati on. It will also 
be possible to proceed towards clinical trials to 
sti mulate in vivo stem cell populati ons in pati ents 
in need of cell therapy.  Therefore, preliminary in 
vitro studies are a vital requirement to focus on 
cues from Sri Lankan traditi onal medicine, directed 
towards a specifi c treatment target. As WHO has 
published guidelines on therapeuti c uses of botanical 
preparati ons acknowledging their positi ve eff ects, 
the long-term implicati ons of these applicati ons 
would be improved with the establishment of a 
global regulatory framework (WHO, 2004).  The 
direct use of animal models to obtain preliminary 
results on these botanical extracts would have 
drasti cally increased the number of animals used, 
with an additi onal long durati on of experimentati on 
hours, and a tedious workfl ow (Dandri et al., 2016). 
Furthermore, some extracts may have manifested 
diff erent eff ects during trials due to the diff erences 
in the animal species used. However, when using 
human stem cell platf orms, the drawbacks such 
as expensive equipment and cell culture regents, 

contaminati on issues, and unavailability of expert 
personnel, may restrict researchers diverti ng from 
animal model studies to stem cell platf orms. Also, 
an alternati ve ex vivo cellular platf orm for screening 
botanical preparati ons may not fully refl ect the 
systemic outcomes observed with an in vivo animal 
model. 

4. Conclusion

In-house developed primary human stem cell 
lines off er a cost-eff ecti ve and reliable platf orm for 
screening botanical preparati ons that may serve as 
potenti al drug leads for stem cell proliferati ve acti vity. 
This approach supports the “replacement” aspect 
of the 3R principle in animal research. A globally 
recognized framework for stem cell research platf orms 
and the standardizati on of botanical preparati ons 
would greatly benefi t the drug development pipeline 
by signifi cantly reducing turnaround ti mes.

References

Bellagamba, B. C., Abreu, B. R. R. D., Grivicich, I., 
Markarian, C. F., Camassola, M., Nardi, N. 
B. et al (2016). Human mesenchymal stem 
cells are resistant to cytotoxic and genotoxic 
eff ects of cisplati n in vitro. Geneti cs and 
molecular biology, 39(1), 129-134.

Broxmeyer, H. E., Srour, E. F., Hangoc, G., Cooper, 
S., Anderson, S. A., & Bodine, D. M. (2003). 
High-effi  ciency recovery of functi onal 
hematopoieti c progenitor and stem cells 
from human cord blood cryopreserved for 15 
years. Proceedings of the Nati onal Academy 
of Sciences, 100(2), 645-650.

Campesi, I., Romani, A., & Franconi, F. (2019). The 
Sex–gender eff ects in the road to tailored 
botanicals. Nutrients, 11(7), 1637.

Dandri, M., Volz, T., & Lütgehetmann, M. (2016). 
Experimental Models: Cell Culture and 
Animal Models. Hepati ti s B Virus in Human 
Diseases, 35-62.



99

Dominici, M. L. B. K., Le Blanc, K., Mueller, I., Slaper-
Cortenbach, I., Marini, F. C., Krause, D. S. 
et al (2006). Minimal criteria for defi ning 
multi potent mesenchymal stromal cells. The 
Internati onal Society for Cellular Therapy 
positi on statement. Cytotherapy, 8(4), 315-
317.

Gammulle, A., Ratnasooriya, W. D., Jayakody, J. R. A. 
C., Fernando, C., Kanati wela, C., & Udagama, 
P. V. (2012). Thrombocytosis and anti -
infl ammatory properti es, and toxicological 
evaluati on of Carica papaya mature leaf 
concentrate in a murine model.

Husain, A., Meenakshi, D. U., Ahmad, A., Shrivastava, 
N., & Khan, S. A. (2023). A review on 
alternati ve methods to experimental animals 
in biological testi ng: recent advancement 
and current strategies. Journal of Pharmacy 
and Bioallied Sciences, 15(4), 165-171.

Pollo, S., Vitale, A., Gayle, V., & Zucco, F. (2004). The 
“3Rs” Model and the Concept of Alternati ves 
in Animal Research: A Questi onnaire 
Survey. Lab Animal, 33(7), 47-53. htt ps://doi.
org/10.1038/laban0704-47

Ratnayake, P., Samaratunga, U., Perera, I., Seneviratne, 
J., & Udagama, P. (2024). Aqueous disti llate 
of mature leaves of Vernonia zeylanica (L.) 
Less. and Mallotus repandus (Rott ler) Müll. 
Arg. cued from traditi onal medicine exhibits 
rapid wound healing properti es. Journal of 
Ethnopharmacology, 324, 117763.

Udalamaththa, V. L., Jayasinghe, C. D., & Udagama, P. 
V. (2016). Potenti al role of herbal remedies 
in stem cell therapy: proliferati on and 
diff erenti ati on of human mesenchymal 
stromal cells. Stem Cell Research & 
Therapy, 7, 1-8.

Udalamaththa, V., Samaratunga, U., & Udagama, 
P. (2021). Cues from Sri Lankan Traditi onal 
Medicine to the Modern Drug Development 

Pipeline-for a Sustainable Future. University 
of Colombo Review (Series III)., 2(2), 88-106.

Vangipuram, M., Ting, D., Kim, S., Diaz, R., & Schüle, B. 
(2013). Skin punch biopsy explant culture for 
derivati on of primary human fi broblasts. JoVE 
(Journal of Visualized Experiments), (77), 
e3779.

Venugopal, P., Balasubramanian, S., Majumdar, A. S., 
& Ta, M. (2011). Isolati on, characterizati on, 
and gene expression analysis of Wharton’s 
jelly-derived mesenchymal stem cells under 
xeno-free culture conditi ons. Stem cells 
cloning, 4(1), 39-50.

World Health Organizati on. (2004). WHO guidelines 
on safety monitoring of herbal medicines in 
pharmacovigilance systems. World Health 
Organizati on.

Zakrzewski, W., Dobrzyński, M., Szymonowicz, 
M., & Rybak, Z. (2019). Stem cells: past, 
present, and future. Stem cell research & 
therapy, 10(1), 1-22.


