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Abstract

Background and purpose: The PI3K/Akt/mTOR pathway is one of the major signaling pathways
involved in cancer and plays a role in tumor cell growth, proliferation, survival, metabolism, invasion,
and drug resistance. Inhibition of this pathway may therefore represent an effective multitargeted strategy
for controlling tumor progression. Plant-derived compounds have attracted increasing attention because
of their potentially favorable safety profiles and ability to modulate multiple molecular targets. This study
aimed to conduct a systematic review of plant-derived compounds that modulate the PI3K/Akt/mTOR
pathway and to evaluate their potential roles in cancer inhibition.

Materials and methods: A systematic search was conducted in the PubMed, Scopus, Web of
Science, and Google Scholar databases for articles published from 2009 to 2025. A total of 34 studies
were included, of which 29 used in vitro cell models, four used in vivo animal models, and one combined
in silico and in vitro approaches. Therapeutic mechanisms and the effects of the identified compounds
were evaluated primarily on the basis of cell and animal studies.

Results: The results showed that a wide variety of plant-derived compounds can directly or
indirectly inhibit components of the PI3K/Akt/mTOR pathway. The main effects of pathway inhibition
included induction of mitochondrial apoptosis, suppression of cell proliferation and cell cycle arrest,
modulation of autophagy, reduced migration and invasion, inhibition of angiogenesis, and suppression of
tumor growth. In addition to the PI3K/Akt/mTOR pathway, some compounds also modulated related
signaling pathways, including AMPK, Ras/Raf, JNK, B-catenin, and HIF-1a. The limited number of
animal studies also reported reductions in tumor volume.

Conclusion: Inhibition of the PI3BK/Akt/mTOR pathway appears to be an important mechanism
underlying the anticancer effects of several plant-derived compounds. By simultaneously targeting
multiple molecular pathways, these compounds may inhibit tumor cell proliferation, promote cell death,
reduce invasion, and potentially overcome drug resistance. However, the available evidence is
predominantly based on in vitro studies, highlighting the need for further in vivo and clinical research to
establish their therapeutic potential.
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. Mechanism on P
RefID Compound / Extract Plant Source Study Type Cell Line / Model PI3K/AKYMTOR Main Biological Effects
8 Salidroside / Rhodiola rosea Invitro g\‘j\%g)‘a' cancer (HCTL6, Inhibition of PI3K/AKUTTOR ~ Apoptosis 1, Autophagy 1
9 frg:gﬁ&af rhiculetus extract / Celastrus Invitro Colorectal cancer cells PI3K/AKYmTOR inhibition Apoptosis 1, Autophagy 1
10 Oridonin / Rabdosia rubescens Invitro Esophageal cancer cells m&ﬁ%ﬁumTOR +Res/Raf Mitochondrial apoptosis 1
1 Capsaicin + Docetaxel / Capsicum spp. Invitro Prostate cancer ng ;ﬁ:ﬁ&n — indirect Synergistic apoptosis
12 Afrocyclamin Astragalus spp. Invitro Prostate cancer PI3K/AK/mTOR inhibition Apoptosis 7, Autophagy 1
13 Arctium lappa extract / Burdock root Invitro Various cancer cells mild PI3K modulation Anti-proliferative effect
14 Arctigenin / Arctium lappa Invitro + in vivo Prostate cancer PI3K/AK/mTOR inhibition Tumor growth |
15 Arctigenin Arctium lappa Invitro Prostate cancer PC-3 PI3K/AK/MTOR inhibition; ?poostgsl\émd'o“dml
16 Vitexin / Isovitexin Various plants Review — PI3K/AK/mTOR modulation CAanmé:Pﬂammatory, anti-
17 Vitexin / Various plants Invitro /A549 lung cancer PI3K/AKmTOR inhibition Apoptosis 1
18 Apigenin Parsley / chamomile Invitro Hepatocellular carcinoma PI3K/AK/mTOR inhibition Apoptosis 1 autophagy 1
19 Cryptotanshinone / Salvia miltiorrhiza Invitro Colon cancer PI3K/AKY/MTOR + E I‘;lign“}h'bmo" Growth t
20 Cryptotanshinone / Salvia miltiorrhiza Invitro Breast cancer mMTOR inhibition via ERo. Proliferation |
21 Curcumin Curcuma longa Invitro Colorectal cancer Ak/mTOR modulation Proliferation |
Astragalus extract / Astragalus . P I
22 membranaceus Invitro Breast cancer PI3BK/AKmTOR inhibition Proliferation |
23 Nelumbo nucifera extract / Lotus Invitro Cancer cell models PIBK/AKMTOR inh_ibition Proliferation |
% Taraxasterol / Taraxacum officinale Invitro TNBC (MDA-MB-231) AKTmTOR - caterin Apoposis 1
25 Vitex negundo flavoroids / Vitex negundo Invitro Cancer cells ﬂ%‘;{tﬁ;ﬂmTOR/pm%K Autophagy |
% Rosimarinicacid faction/ Orthosiphon Invitro Prostate cancer PI3K/AKUMTOR inhibition Apoptosis 1
27 Certipeda minira extract/ Certipeda Invitro Nasopharyngeal carcinoma PI3K/AKUMTOR inhibition Proliferation |
2 Xarthium stumeriumextract/ Xanthium 5o Hepatocellular carcinoma PI3K/AKUMTOR inhibition Apoptosis 1
Samsoeum herbal mixture Multi-plant . AKY/mTOR inhibition + INK .
29 formula Invitro Cancer cells activation Apoptosis 1 autophagy 1
30 Rhus tripartita extract / Rhus tripartita Invitro THP-1 PI3K/AKmTOR inhibition Apoptosis T
31 Munizigi granule Herbal formula Invitro B16 melanoma Ak/mTOR inhibition . Apoptosis 1 autophagy 1
32 Chrysotoxine Dendrobium nobile Invitro Cervical cancer Zg:féﬁgngOR + ferroptosis Anti-cancer effect
B JBa\'zcnﬁg Javanica seed extract Brucea Invitro TNBC PIBK/AKUMTOR inhibition Autophagy |, apoptosis 1
34 Fisetin / Various fruits Invitro Colon cancer PI3K/AK/mTOR modulation Apoptosis
35 Natural product panel / Multiple plants Review — PI3K/Ak/mTOR modulation Anti-cancer
36 Thymoguinone / Nigella sativa Invitro Leukemia PI3BK/AKmTOR inhibition Proliferation |
37 Isoflavones / Soy plants Review — Ak/mTOR deregulation Anti-cancer
38 Myricetin / Kaempferol Multiple plants Invitro Colon cancer PI3BK/AKmTOR inhibition Autophagy |, apoptosis 1
39 Salvianolic acid A/ Salvia miltiorrhiza Insilico — PI3K + mTOR dual inhibition Potential anti-cancer
40 Honokiol / Magnolia spp. Invitro Multiple cancers mTOR inhibition Apoptosis T
41 Arenobufagin / Natural steroid In vitro non-small-cell lung cancer cells PI3K/AK/mTOR inhibition apoptosis 1
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