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ABSTRACT 
Medicinal plants have been widely recognized for their pharmacological potential, particularly in 
enhancing immune function. This review explores the immunomodulatory properties of medicinal plants 
and their role in managing human immunodeficiency virus (HIV) infections. HIV impairs immune 
function by depleting CD4+ T cells, thereby compromising the host's ability to combat infections. 
Conventional antiretroviral therapy (ART) faces challenges such as drug resistance, side effects, and high 
costs, highlighting the need for complementary therapeutic strategies. Medicinal plants with bioactive 
compounds demonstrate antioxidant, anti-inflammatory, and antiviral properties, which enhance immune 
responses and support ART in reducing viral loads and improving CD4 counts. The review highlights 
species like Withania somnifera and Tinospora cordifolia, which show promise in clinical studies. Ethical 
considerations and potential interactions between herbal treatments and ART are also discussed. Future 
research is encouraged to validate traditional knowledge and establish the therapeutic efficacy of plant-
based treatments for HIV. 
Keywords: Medicinal plants, Immunomodulation, HIV/AIDS, CD4+ T cells, Antiretroviral therapy 
(ART), Herbal medicine. 

INTRODUCTION 
Medicinal plants are a primary source of remedies worldwide due to their pharmacological properties. 
Currently, there is an increasing interest in therapies of both biomedicine and alternative, non-
conventional medicine. Conventional medical treatments for infectious diseases have led to several side 
effects and antibiotic resistance. Ethnopharmacology is predominantly directed toward the discovery of 
natural immune-boosting products. Even today, traditional healing systems such as traditional Chinese 
medicine and Ayurvedic medicine are advocated. The immune system plays a key role in the protection 
achieved by medicinal plants, which could be a valuable strategy in the control of transmissible chronic 
infections such as human immunodeficiency virus (HIV). Human and animal studies have provided strong 
evidence that deficiencies in immune health are associated with increased disease susceptibility. Deficiency 
or insufficiency of the immune system could result in an increased susceptibility to infection, cancer, and 
other health conditions. Therefore, enhancing the immune response may be particularly important in 
diseases where the immune system is compromised. Thus, in the present review, we focus on the role of 
herbs in enhancing the immune response against HIV [1, 2]. Herbal medicine is founded on providing 
individualistic, patient-centered therapy to help the body rebuild resistance to illness. Scientific 
knowledge has, in the pursuit of a fast-track life, ignored nature's medicinal ingredients. Now, the human 
race has moved in the other direction and is paying a price for this. The cure may well lie in the use of 
natural or herbal resources. Herbal medicinal products are plant-based medicines that are given to deal 
with infections. Herbal remedies have been the foundation of traditional systems of treatment in India 
from time immemorial. We cannot ignore the importance of herbs in various systems of medicine, namely 
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Ayurveda, Unani, and Siddha. Naturopathy and homeopathy also place great stress on herbal medicine 
because of their quick action without any side effects and strong impact. Every drug of herbal medicine 
has its significance due to the great differences between active and balanced immune systems. In the 
following, we review herbs and their role in enhanced immune responses against HIV infection [3, 4]. 

Overview of HIV and Immune Response 
HIV, an enveloped RNA retrovirus, is transmitted via sexual route, birth, and blood transfusion. 
Plasmacytoid dendritic cells, intestinal mucosal CD4+ T cells, and CD4+ T cells in genital mucosa are 
the prime targets for HIV-1 infection. On transmission, in the initial 1-2 weeks of infection, the peripheral 
blood CD4+ T cell count can increase mildly or decrease by up to 50%. The virus specifically targets and 
eliminates infected and uninfected activated CD4+ T cells, which stimulate more cells to enter the lytic 
cycle. Each cell-free virus can kill as many as 5-20 cells. The acute infection is distinguished by a very 
high plasma viral burden. The CD4 count (initially "high") shows an abrupt decline until 2-3 weeks 
following initial recruitment of activated CM cells. Plasma HIV RNA copy numbers reach a count of over 
1,000,000,000/ml. This results in extensive CD4+ T-cell destruction of over 500,000,000 CD4+ T cells 
in the very early phase of the acute infection. Most of those dying is resting memory CD4+ T cells [5, 6]. 
HIV-1 gradually impairs immune functions mainly by massive depletion of CD4 T cells. After infection, 
in the early progressing stages (e.g., AIDS 2-4 years), the self-defense immune responses such as CD8 T 
cells reduce HIV disease, lymphadenopathy, and cutaneous anergy. Strong CD4+ and CD8+ T-cell 
function is often linked to lower virus loads and the absence of HIV-associated opportunistic infections, 
even for people living with HIV with advanced AIDS. Almost 70%-80% of healthy HIV-infected 
individuals have low viral loads, stable CD4 cell counts, and no illnesses, indicating a robust protective 
immunity capable of containing high levels of HIV replication up to 100,000/ml of virus. Also, control of 
viral burden by HAART can enhance the reconstitution of CM CD4 cells and decrease viral infection of 
peripherally expanding CM cells. The knowledge regarding natural immune responses extends into 
understanding the immune responses to HIV therapy. The early depletion of CM resting CD4 cells may 
cause a perturbation invalidating the normal homeostatic processes that function under normal resting 
conditions. To date, there is no cure for HIV-1 infection. It is becoming difficult to control the growth of 
infections and deaths resulting from HIV and AIDS. Currently, HAART therapy is the worldwide 
recognized effective treatment for HIV/AIDS; however, its effective role is limited by drug resistance, 
severe side effects, high cost of treatment, and the inability to eliminate latently infected virus in the CNS 
and lymphoid tissue. If the patient does not respond to ART, the viral burden is not reduced and the 
number of CD4 cells in the blood may diminish more quickly [7, 8]. 

Concept of Immunomodulation 
Immunomodulation, in a broad sense, refers to any alteration of the immune response that results in 
mobilizing the defense systems of the host organism to achieve the optimal balance. It enhances resistance 
and tolerance against infectious and non-infectious diseases, thereby promoting better health. 
Immunomodulation encompasses enhancement or suppression mechanisms that selectively regulate and 
influence one or more aspects of the immune response, including antibody production, cell-mediated 
immunity, inflammation, allergic responses, regulatory pathways, recruitment of various cells, and 
cytokine expression. Enhanced immune responses can be disseminated through the entire range of 
immune responses. The various types of immunomodulators include antioxidants, anticarcinogens, anti-
inflammatory agents, antimicrobials, antiprotozoals, antivirals, respiration stimulants, stress protection, 
and general physical activities. A long-lasting immune response requires tightly controlled cooperative 
interactions between the components of innate and adaptive immunity. Essential components of adaptive 
immunity include T and B lymphocytes. Therefore, a discussion on the potential role of medicinal plants 
as a source of immunomodulators needs an exploration of this area. This in-depth understanding will 
allow an appreciation of the interrelationship of immune system cells, as well as the complexity of 
immunoregulation. In the context of HIV treatment, the focus on modulation of the immune response is 
one of the key strategies for therapeutic maneuvers. Antiretroviral therapy will counter HIV-induced 
immune depletion. Herbs that exhibit either immunostimulation and/or immunosuppression will enable 
them to restore the aberrations caused by HIV [9, 10]. 

Medicinal Plants with Immunomodulatory Properties 
Several medicinal plants have shown immunomodulatory effects and can be considered candidates for 
adjuvant treatment of HIV-1. However, most medicinal plants reported have been studied through 
ethnopharmacological approaches, or their use is based on empirical knowledge. These data cannot be 



 
 
https://www.eejournals.org                                                                                                         Open Access 

 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited 

 
 

Page | 67 

refuted; rather, they should be viewed as examples to be demonstrated and expanded. Many plant species 
contain bioactive substances that are capable of enhancing immune function and, when associated with 
standard antiretroviral treatment, can potentiate and improve the clinical recovery of HIV-1-infected 
patients. Few studies report adjuvant treatment with medicinal plants of confirmed immunomodulatory 
activity [11, 12]. Medicinal plants with immunomodulatory properties of bioactive compounds constitute 
a potentially important alternative treatment in infections such as HIV-1 [13, 14, 15]. Thus, this update 
could demonstrate some species that have antimicrobial activity and, in particular, are upregulated by 
enhancing the immune response of the host [16, 17, 18]. The antioxidant, anti-inflammatory, and 
antiviral activities of the bioactive compounds present in these medicinal plants can also contribute to 
rapid and effective management in HIV-infected patients [19, 20]. The importance of plants with 
immunomodulatory activity lies in the hydroethanolic plant extract that did not present toxic action and 
has an inhibitory effect on the action of the HIV-1 virus [21, 22]. A forced preliminary synthesis is thus 
considered necessary, recognizing the difficulties and strengths of conducting scientific studies with 
medicinal plants as adjuvant therapy [23, 24]. It is noteworthy that the association between plant 
therapies and orthodox antiretroviral drugs should be validated, which would scientifically confirm 
traditional knowledge [25]. Given the relevance and the need for further studies and evaluations, this 
study of plants and their association with HIV highlights culture and scientific knowledge. The review 
describes knowledge in traditional contexts and, with scientific and technological updates, brings the 
perspective of a synthetic preliminary based on the data presented [13, 10]. 
                             Clinical Studies on Medicinal Plants and Immune Response in HIV Patients 
These studies have been conducted on plants such as Withania somnifera, Tinospora cordifolia, 
Phyllanthus emblica, Terminalia chebula, Zizyphus jujuba, Piper longum, Allium sativum, Andrographis 
paniculata, Panax pseudoginseng, Panax quinquefolium, Semecarpus anacardium, and Withaferine A. 
These plants have shown promise leading to improvements in CD4 T-lymphocyte count, CD4:CD8 ratio, 
CD56+ cells, total lymphocytes, a decrease in HIV RNA, and improved immunological performance scale. 
The investigations also discuss issues related to herbal medicine and provide an overview of clinical 
evidence obtained. However, caution has been raised to add or administer herbal medicine along with 
ART due to adherence issues, invasive herb-ART and ART-herb interactions, and toxicity [14, 15]. 
There are many ethical concerns in adding herbal medicine to the therapy of a patient receiving ART. 
The initiation of herbal treatment needs to be ethical even when the patient’s consent has been obtained 
based on belief in the effectiveness of the herbal medications employed [16, 17]. Higher doses of ART 
could make patients more vulnerable to toxicity with the addition of herbal medicine. Many people have 
undisclosed herbal usage to their health care provider, and knowing the dual treatment would open up the 
possibility for the patient to discontinue ART [18, 19, 20, 21]. In addition, with improved compliance, 
the risks of herb-ART interactions or ART toxicity can be decreased. Integration of herbal medicine 
needs a coordinated and collaborative approach. Despite India’s vast floral diversity, medicinal plants 
remain largely investigated in traditional practice and scientific research. Discussions on improved 
immunity are speculative without accessing the CD4:CD8 ratio in the studies. It is advisable to look at 
larger clinical trials including more patients taking ART [22, 23, 24, 25]. 

CONCLUSION 
Medicinal plants represent a promising avenue for enhancing immune responses in HIV-infected 
individuals, complementing conventional ART. Their immunomodulatory properties, including the 
regulation of CD4+ T-cell function, cytokine expression, and antioxidant activity, can mitigate the 
limitations of ART, such as drug resistance and side effects. While empirical and ethnopharmacological 
evidence provides a foundation, rigorous scientific validation through larger clinical trials is crucial. 
Ethical concerns regarding herbal-ART interactions and patient adherence underscore the need for an 
integrated approach to HIV management. By bridging traditional knowledge with scientific research, 
medicinal plants can contribute significantly to improving the quality of life for individuals living with 
HIV. 
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