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The global increase in the incidence of kidney failure constitutes a major public health problem. Kidney disease is

classified into acute and chronic: acute kidney injury (AKI) is associated with an abrupt decline in kidney function

and chronic kidney disease (CKD) with chronic renal failure for more than three months. Although both kidney

syndromes are multifactorial, inflammation and oxidative stress play major roles in the diversity of processes

leading to these kidney malfunctions.

antioxidant  anti-inflammatory  AKI  CKD

1. Introduction

Chronic kidney disease (CKD) and acute kidney injury (AKI) have emerged as major public health burdens with

close connections to each other, AKI as a risk factor for CKD and vice versa and both increasing the risk of

cardiovascular disease . CKD is defined by a low glomerular filtration rate (GFR) or the presence of kidney

damage for more than 3 months . Proteins in urine (proteinuria) and decreased GFR as indicators of kidney

damage directly reflect the physical properties of the filter between blood and urine constituted by an endothelial

layer, the glomerular basement membrane (GMB) and podocytes . While, under physiological conditions, most

proteins cannot traverse this barrier, in proteinuria, larger proteins such as albumin, immunoglobulins G and M and

α1-microglobulin and β2-microglobulin, correlating with the severity of the histologic lesions , can. These proteins

can, as a consequence, impair the reabsorption of other, smaller molecules by proximal tubular epithelial cells and

ultimately lead to toxic damage . As risk factors of CKD, there has been a global rise in incidences of diabetes

and hypertension .

AKI is defined by a rapid increase in serum creatinine concentrations and/or decline of urine output. The number of

incidences is approximately 10–15% of patients admitted to hospital and approximately more than 50% in intensive

care units . Distinct time intervals of endurance of the pathological conditions are used to distinguish between

AKI (<7 days), acute kidney disease (AKD; 7 days–90 days) and CKD (>90 days) . AKI is now regarded as a

multiorgan dysfunctional disease and classified as prerenal AKI, acute postrenal obstructive nephropathy and

intrinsic acute kidney disease, of which only the latter is a true renal disease .

2. Plant-Based Extracts with Antioxidant and Anti-
Inflammatory Properties
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Natural products have, for centuries, been used in the management of various disease. Mother nature has served

and is still serving us well. Plant-based extracts serve as natural sources of antioxidant and anti-inflammatory

agents in combating stress, inflammation and cell death. Numerous oxygen-based metabolic activities generate

reactive oxygen species, which can serve as signalling molecules. These signalling molecules serve as precursors

of various beneficial events for the body. Increased levels of reactive oxygen species (ROS) and/or reactive

nitrogen species (RNS) oxidative stress are an imbalance in the levels of ROS and the body’s natural antioxidant

capacity. This creates complications due to ROS reacting with membranes and biomolecules such as lipids and

proteins, thus leading to organ damage.

Oxidative stress and inflammation are known to cause various diseases, hence the need to have antioxidants and

anti-inflammatory agents that will serve in combating oxidative stress-associated diseases. Increased levels of

ROS and RNS are known as potential inducers of kidney injury , and molecules associated with ROS

and RNS are major regulators of solute and water reabsorption in the kidney .

In the assessing and diagnosis of AKI, interleukin-6 (IL-6), interleukin-1 (IL-1), tumour necrosis factor (TNF),

adipokines, adhesion molecules and the CD40 ligand are proinflammatory cytokines, which are indicative of the

extent of stress or inflammation . Ferguson et al. 2008 , Shinke et al. 2015  and Zhou et al. 2008

 have also stated the importance of kidney injury molecule-1 (KIM-1) and neutrophil gelatinase-associated

lipocalin (NGAL) as additional urinary biomarkers.

Medicinal plants naturally have antioxidant systems that help in combating oxidative stress. Superoxide dismutase

(SOD), catalase, glutathione (GSH), which helps in drug metabolism detoxification, and glutathione peroxidase

(GPx) are the systems that help in combating oxidative stress. Each medicinal plant extract has its own

antioxidant-based mechanism for managing oxidative stress. Some increase the levels of SOD  and activate the

SOD and catalase levels , while some plants increase the levels and activities of all the three antioxidant

enzymes: SOD, catalase and GPx .

Natural medicinal plants have showed in vivo and in vitro efficacy in downregulating proinflammatory cytokines and

upregulating natural antioxidants such as glutathione, which modulates oxidative stress and inflammation. Though

modern treatment approaches have also afforded substantial progress in the fight against AKI, potent therapies are

still meagre due to a lack of oxidative stress- and inflammation-specific AKI targets. The cost effects coupled with

harsh side effects approaches have led to the search for more novel natural biological products, especially those

derived from herbs and natural spices. These can all be accessed in medicinal plants due to the various Phyto

components present in them. Their uses and applications are promising, since they are able to react, bind,

conjugate and possibly eliminate through excretion all reactive oxygen spices (ROS and RNS), which form the

bases of most ailments by cell degradation, lipid peroxidation and inflammation, among others.

3. Plant Sources and Activity
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Plants have various phytochemicals with the potential to combat ailments. Research on medicinal plants is being

carried out mostly in Asia, followed by Africa and Europe. Below are plants, herbs and spices that have been

scientifically proven to manage, protect or cure acute kidney injury.

Aronia melanocarpa of the black chokeberry family mostly found in North America contains anthocyanins

(cyanidins), which are able to potentially decrease inflammation, oxidative stress and lipid peroxidation, as well as

apoptosis, in acute renal ischaemia effectively .

Kang et al. 2021  showed that green tea is rich in bioactive compounds. Its aqueous high content of antioxidants

has made it active in managing oxidative stress, resulting in the development of various healthy and nutritious

detoxification products.

Punica granatum is a plant originally from India. Administration of the fruit peel ethanolic extract in Wistar rats

showed improvement in kidney function biomarkers, exerted antioxidant activity and ameliorated histological

changes prerenal and intrinsic gentamicin-induced AKI .

The methanolic peel extract of passion fruit (Passiflora spp.), which is predominantly found in North America,

contains gallic acid, ellagic acid, kaempferol and quercetin glycosides. The extract is able to protect the kidneys by

maintaining the levels of urea and creatinine at normal units during paracetamol-induced nephrotoxicity in albino

rats . The methanolic extract of its upper parts reduced the urea and creatinine levels during thioacetamide-

induced nephrotoxicity in Sprague–Dawley rats .

Pistacia atlantica, an exotic berry-like fruit plant, is mostly be found in North Africa, the Middle East, Iran and

Afghanistan. Leaf hydroethanolic extracts of Pistacia atlantica have the ability to decrease the levels of urea,

creatinine and uric acid during gentamicin-inducted nephrotoxicity in Wistar rats .

Eurycoma longifolia is an herbal medicinal plant mostly found in Southeast Asia, Indonesia. The standardised

aqueous extract of the roots has been shown to increase the levels and activities of antioxidant enzymes and

improves kidney function during paracetamol-induced nephrotoxicity in rats .

Costus afer is an African indigenous plant used traditionally for the treatment of several diseases, such as

rheumatoid arthritis, hepatic diseases, measles and malaria, and can also serve as an antidote for snake poisoning

. The aqueous extract of the leaf has been shown to decrease the serum potassium and BUN levels . It also

uses its antioxidant and anti-inflammatory potential to provide neuroprotection against low-dose heavy metal mixed

neurotoxicity .

Ocimum americanum (family Lamiaceae) grows in Africa, India, China and Southeast Asia and is used as a spice.

In Ghana, it is widely cultivated (called akokobesa)  and also used by locals to manage diabetes . Nyarko et

al. reported that it reduces blood glucose in mice and improved insulin release in beta cells isolated from rats .

Genfi et al. reported a hepatoprotective effect of Ocimum americanum, probably due to the inhibition of oxidative

stress and the downregulation of proinflammatory cytokines .
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Cranberry (Vaccinium sp.) natural extracts from North America decrease E. coli adhesion and reduce bacterial

motility and biofilm formation in urinary tract infections . Its polyphenols have anti-inflammatory and antioxidant

effects and also have positive effects on the gut flora .

Descurainia sophia is a dominant weed with several local names and mostly found in Europe and Northern Africa.

Csikós et al. 2021  studied its effect on Wistar rats; its aqueous seed extract decreases the deposition of

calcium oxalate in ammonium chloride and ethylene glycol-induced gallbladder stones.

An extract of the aerial parts Equisetum arvense, a fern-like plant mostly found in Spain, heals urinary retention

and urinary infections, among others .

The aqueous leaf extract of Anchomanes difformis decreases the levels of oxidative stress-associated biomarkers

and increases the CAT and SOD levels in African Wistar rats. It has anti-inflammatory effects by reducing the

expression of NF-κB and Bcl2 and decreasing the levels of IL-10, IL-18 and TNF .

Hibiscus sabdariffa is a plant used for indigenous beverages in most parts of Asia, Africa and Central America. The

aqueous extract of the dried flower bulb contains anthocyanins and chlorogenic acid, which increase both the

enzymatic and nonenzymatic antioxidant systems .

Curcuma longa, a rhizome, is found mostly in India but now has been planted in Ghana. It contains polyphenol and

is used for antioxidant, anti-inflammatory, antimicrobial and antitumour activity, among others .

The Lamiaceae family Melissa officinalis (lemon balm) is a well-known herb indigenously used to cure a variety of

ailments . It has glycosides that give it antioxidant and cytotoxic properties .

Mostly found across Europe is Digitalis purpurea L., a member of the Scrophulariaceae family . The glycosides

of D. purpurea have antioxidant and cytotoxic properties. Lycopene, β-carotene and the vitamins of tomato fruits

also help to reduce oxidative stress and reduce the risk of cancer . Oxidative regulation is paramount in the

management of AKI. The aerial parts of Tylophora indica contain alkaloid and tylophorine, which serve as anti-

inflammatory and immunosuppressive agents . Lavandula intermedia leaves and flowers have been shown to

contain polyphenols, which are significant in providing UV protection .

4. Active Ingredients

These plants, herbs and spices serve as antioxidants, anti-inflammatories, anti-malarias, anti-hyperglycaemias and

hepatic protectants, among others. This is possible due to the active ingredients in them: flavonoids, alkaloids,

saponins, tannins, coumarins, cyanides, anthocyanidins, phenols, phenolics, carotenoids, phytoestrogens ,

capsaicin , curcumin , β-carotene , catechins , resveratrol , vitamins, flavonoids (hyperoxide)

and xanthones, as well as naphthodianthrone hypericin (antiviral action), the phloroglucinol derivative hyperforin

(antibacterial effect) , cardiac glycosides , flavonoids, anthraquinones and triterpenes .
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