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Summary

Cytokine storm is believed as a major root cause for multi-organ failure and death in severely infected diabetic 
patients with COVID-19. This condition is treated with anti-inflammatory drugs, mainly steroids, to recover 
people from critical conditions. However, steroid therapy causes immune suppression and uncontrolled hyper-
glycaemia in post-COVID. This altered immune-metabolism provides a fertile environment for the infection 
of a black fungus, Rhizopus arrhizus which causes mucormycosis in diabetic patients. It is a life-threatening 
infection causing death in different countries. It is treated either with anti-fungal drugs, surgical debridement, 
or adjunctive therapies. The available therapies for mucormycosis have been associated with several draw-
backs. Thus, the present review has explored and suggested herbs-spices based adjunctive therapy for pos-
sible realignment of the impaired immune system in the post-COVID diabetic subjects. The consumption of 
herbal therapeutics after COVID-19 could realign the impaired immune-metabolism in the post-COVID and 
thereby exert prophylactic effects against mucormycosis. Furthermore, the suggested herbal sources could help 
in the discovery of novel therapeutics against the COVID-19 associated mucormycosis. 
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INTRODUCTION

The history of novel coronavirus infection like host, 
the origin of infection, modes of transmission, 

symptoms, complications, safety measures, various 
treatment modules, etc. has been well established 
from 2019 to date [1]. However, the real scenario is 
that the COVID-19 infection spreads rapidly and 
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affects people of all age groups due to the emergence 
of original coronavirus variants. Especially, elderly 
people with other comorbidities like obesity, diabe-
tes, hypertension, etc. suffer a lot and also increase 
mortality worldwide [2]. Although researchers and 
scientists are putting more efforts, so far no proper 
treatment module against COVID-19 infection has 
been implemented. However, the best options are 
prevention and symptomatic management. 

In general, severely infected COVID-19 patients 
with or without other comorbidities like uncon-
trolled diabetes, etc. are treated by corticosteroids 
like dexamethasone and methylprednisolone to 
overcome the effects of inflammation-mediated cy-
tokine storm and subsequent respiratory failure [3]. 
However, steroid therapy has been associated with 
several deleterious side effects including secondary 
infections like mucormycosis, etc. [4]. 

Mucormycetes are a group of moulds, which are 
classified under the order of mucorales and the sub-
phylum of Mucoromycotina [5]. These are saprophyt-
ic and thermotolerant fungi ubiquitously distributed 
in the environment, especially in soil, air, dust, decay-
ing debris, and hospital wards [6]. These moulds can 
cause a serious but rare infection in humans called 
Mucormycosis. The name Mucormycosis was ini-
tially coined by the American pathologist, R.D. Baker 
[7]. The word mucormycosis is also referred to as zy-
gomycosis or phycomycosis. These moulds enter into 
the body in the form of spores during inhalation. It 
mainly affects sinuses or lungs. It also shows a strong 
affinity towards arteries and thereby caused throm-
bosis and infarction. Its infection can also occur in 
cuts, burns, or other skin injuries [8].

MUCORMYCOSIS

Risk factors for mucormycosis

People with uncontrolled diabetes-associated ketoac-
idosis and various metabolic acidosis are more prone 
to get mucormycosis. Taking medicines like corticos-
teroid, deferoxamine (a drug for haemodialysis pa-
tients), etc. are considered to have major risk factors 
for mucormycosis [9]. In addition, malignant haema-
tologic diseases, neutropenia, transplantation (bone 
marrow or organ), trauma, and burns are also impli-
cated with the infection of saprophytic fungi [10]. The 
diabetic subjects with poor immunity are affected by 
rhino-cerebral mucormycosis. Whereas, pulmonary 
mucormycosis is more common in haematological 

malignancies [11]. It is further confirmed that in In-
dians, predisposing factors for mucormycosis include 
diabetes (73.5%), malignancy (9.0%), and organ 
transplantation (7.7%) [12]. Moreover, dialysis pa-
tients with severe iron overload and chelation therapy 
(i.e.) use of deferoxamine against aluminium toxicity 
also cause disseminated mucormycosis and associ-
ated with 80% of mortality [13]. A recent systemic 
study conducted until 9th April 2021, revealed that 
93% of mucormycosis cases were accompanied with 
diabetes with COVID-19, among which 88% were 
administered with corticosteroids [14]. Furthermore, 
mucormycosis is commonly observed in different 
sites such as sinuses (100%), intraorbital (43.47%), 
and intracranial (8.69%) dilations. In addition, dia-
betes was found in over 91% of cases, of which 52% 
showed poor glycaemic control. All of diabetic indi-
viduals received steroids during their COVID-19 in-
fection treatment [15]. Apart from this, other clinical 
and metabolic abnormalities such as hypoxia, acido-
sis, and hyperferritinaemia also provide a favourable 
environment for the growth of this mould [16]. It re-
veals that uncontrolled diabetes and steroid therapy 
are major causative factors for the current COVID-
19-associated mucormycosis. 

Symptoms and prevalence of mucormycosis 

The symptoms of mucormycosis include one-side 
headache, numbness or swelling, dental problems 
(toothache & teeth loosening), nasal obstruction, and 
sinus pain [17]. Mucormycosis also leads to cause 
defects in vision, colour changes in nose, chest pain, 
cough, and difficulty in breathing. According to a sys-
temic review and meta-analysis data, the prevalence 
of mucormycosis varies from 0.005 to 1.7 per million 
individuals, worldwide [10]. However, the prevalence 
of mucormycosis is 80 times (0.14 per 1000) higher in 
India compared to developed countries [18]. Globally, 
the mortality due to mucormycosis is 46%. However, 
the factors such as immune suppression, and orbital 
or intracranial involvement also increase mortality 
from 50 to 80% [19].

Epidemiology of mucormycosis

In COVID-19 critically ill ventilated patients, vari-
ous secondary fungal infections have been observed 
in different countries. The initial studies from Wu-
han and subsequent reports from Europe revealed 
that 3 to 33% COVID-19 associated pulmonary 
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aspergillosis (CAPA) was due to the infection of azole-
resistant strains [20]. Aspergillus fumigatus causes 
CAPA, which is associated with 50% mortality [21]. 
This inferred that aspergillosis is a more common 
secondary fungal infection in COVID-19 patients. 
However, recently in India, COVID-19 ill patients 
are severely infected by Mucorales causing high mor-
tality, depending upon the clinical conditions [14]. 
Moreover, in the Netherlands, a series of four COV-
ID-19 patients were confirmed with secondary infec-
tion of Mucorales in the study period from December 
2020 to May 2021. The rhino-orbital cerebral, pulmo-
nary, and disseminated mucormycosis were observed 
among the infected patients without and with diabe-
tes [22]. The disseminated mucormycosis has been 
reported in a young Asian obese male with different 
clinical conditions [23]. Furthermore, the 70% of 
COVID-19-associated mucormycosis (CAM) cases, 
the infection is mainly due to the Rhizopus arrhizus 
fungi which causes various infections in adults such 
as cutaneous, rhino-orbital-cerebral, pulmonary, and 
gastric mucormycosis [19, 24, 25]. Recently, the case 
report from the USA has confirmed the combined 
infections (i.e.) with pulmonary aspergillosis and 
mucormycosis in diabetic male with COVID-19 [26]. 
The available history of epidemiology of secondary 
fungal infections in the post-COVID-19 revealed that 
Aspergillus fumigatus and Rhizopus arrhizus are key 
players in the mortality of severely infected patients. 
Furthermore, the infection of Rhizopus arrhizus is 
more common in COVID-19 patients with other co-
morbidities like obesity and uncontrolled diabetes.

Pathogenesis of mucorales in COVID-19-infec-
ted diabetic subjects

The host cell entry of novel coronavirus 19 is medi-
ated via the receptor, referred to angiotensin-convert-
ing enzyme 2 receptor (ACE2 receptor). It is abun-
dantly present in alveoli. However, it is also expressed 
in most of solid organs including the pancreas, liver, 
brain, gastrointestinal tract, testis, cardiovascular sys-
tem, endothelial cells, etc. [27]. Apart from this, the 
ACE2 receptor is also abundantly present on the sur-
face of lymphocytes, therefore, this virus can cause 
direct lysis of lymphocytes [28]. Furthermore, the 
metabolic condition lactic acidosis can also medi-
ate the inhibition of lymphocytes proliferation [29]. 
This infers that the infection of coronavirus may dis-
turb cellular metabolism and influence immunity. It 
is evident that reduced blood levels of lymphocytes 
(referred to lymphocytopenia) are due to various ab-

normalities that can drain immune power [30]. The 
damage of type 2 alveolar cells can cause hypo-per-
fusion and this could reduce cellular oxygen supply 
and thereby shifts aerobic glycolysis into anaerobic 
glycolysis. This metabolic shift can favour the ac-
cumulation of lactic acid and subsequent reduction 
of cellular pH [31]. Moreover, the binding of SARS 
coronavirus with its receptor (ACE2) of pancreatic 
β-cells caused hyperglycaemia/acute diabetes [32]. 
This suggests that the altered immunity and carbo-
hydrate metabolism may render the inflammation-
mediated cytokine storm in the COVID-19-infected 
diabetic patients. 

Cytokine storm is an undesirable immune re-
sponse which can impair the functions of organs 
or can cause a multi-organ failure [33]. Generally, 
systemic steroids have been injected into severely 
infected diabetic patients to overcome the cytokine 
storm-mediated adverse effects [15, 34]. Though 
steroids are considered a life-saving drug, their ad-
ministration leads to cause immuno-suppression 
and uncontrolled hyperglycaemia, which are con-

Figure 1. 
Mechanism of pathogenesis of mucormycosis in the 

post-COVID diabetic subjects

In the post-COVID diabetic patients, altered carbo-
hydrate metabolism and immunity provide the fertile 

environment for the infection of black moulds. DKA – 
diabetic ketoacidosis; RBCs – red blood capsules
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sidered the major risk factors for secondary infec-
tion of Mucorales/black moulds [35]. Mucorales 
enter first into sinuses or lungs in the form of spores 
through inhalation. The favourable environments 
like the absence of phagocytic cells, hyperglycae-
mia, hypoxic condition, increased ferritin levels 
due to haemolysis, diabetic ketoacidosis mediated 
iron overload, and reduced pH can induce the ger-
mination of spores into an angioinvasive hyphae 
[16]. This can cause thrombosis, haemorrhage, and 
necrosis. Furthermore, this can be disseminated to 
other organs through blood circulation (Figure. 1).

TREATMENT OF MUCORMYCOSIS 

Antifungal agents, surgical debridement, and 
adjunctive therapies against mucormycosis

Currently, mucormycosis has been treated by am-
photericin B lipid formulation. It is considered to 
be the first-line antifungal agent and used as a gold 
standard antifungal drug for both systemic and su-
perficial mycosis. Alternatively, posaconazole and 
isavuconazole have been also employed against 
life-threatening fungi [36]. In addition, some ad-
junctive therapies against mucormycosis have been 
elaborated in the literature but most of them are 
pre-clinical and also cause inflammatory lung in-
jury [11, 37]. Mainly, this therapy involves resto-
ration of impaired immunity of a host against the 
fungus through the administration of either gran-
ulocytes-macrophages growth factor, interferon-γ, 
or granulocyte transfusion (for the neutropenic 
patient). Moreover, cell-based adoptive immuno-
therapy against mucormycosis was also performed 
in animal models. These studies administered the 
ex-vivo-expanded Mucorales-stimulated natural 
killer (NK) cells or memory/effector TH1 lym-
phocytes against Rhizopus oryzae infection, which 
destroyed the hyphae of Rhizopus oryzae but sup-
pressed NK cell-mediated immunity [38]. Ad-
ditionally, it is also stated that hyperbaric oxygen 
therapy was more effective in diabetic patients with 
cutaneous or rhino-cerebral mucormycosis. This 
procedure involves hyperbaric oxygenation that 
improved neutrophil’s oxidative burst mediated 
killing and also enhanced the healing of the wound 
[39]. But this therapy has not been recommended 
for routine use due to the lack of systematic clinical 
studies in mucormycosis [37].

Proper diagnosis, management of diabetes, re-
duction of glucocorticoids usage, surgical and anti-

fungal therapy are considered as the major guide-
lines for the treatment of mucormycosis in diabetic 
individuals with severe COVID-19 infection [14]. 
Though several strategies, along with anti-fungal 
drugs are employed against mucormycosis, the 
death rate has been increasing among the post-
COVID-19 diabetic patients in different countries, 
especially in India [14, 22, 23]. Furthermore, the 
available antifungal drugs including amphotericin 
B have shown numerous side effects. The usage of 
amphotericin B has been accompanied with anae-
mia and reduced renal function [40]. Moreover, the 
majority of antifungal treatments have demerits in 
terms of efficacy, drug resistance due to repeated 
usage, healthcare cost, hospital stay, etc. [41]. 

The available background details show that 
diabetic patients must consume proper hypogly-
caemic agents and immunomodulators for the 
realigning of the impaired immuno-metabolism 
in the post-COVID. Based on the concepts of dis-
cussed adjunctive therapies against mucormycosis 
(i.e. realigning of the immune system and ex-vivo-
expanded cell-based immunotherapy), the current 
review has proposed medicinal herbs-spices en-
riched with multiple bioactive compounds and mi-
cronutrients (vitamins & minerals) for realigning 
of impaired immune-metabolism in post-COVID 
patients. This kind of herbal-based therapy could 
restore normal carbohydrate metabolism and ac-
tive immune system in post-COVID-19 diabetic 
patients and thereby serve as a prophylactic agent 
against the emergence of secondary fungal infec-
tion, mucormycosis. In this connection, this re-
view was discussed and herbal therapeutics with 
multiple actions for the protection of diabetic pa-
tients from the post-COVID secondary infection 
were recommended.

Multiple pharmacological actions of the sugge-
sted herbs and spices

Glycyrrhiza glabra 

Glycyrrhiza glabra has been traditionally used to treat 
various health problems including fever, respiratory 
problems, skin diseases, paralysis, etc. The aqueous 
extract of Glycyrrhiza glabra contains proteins, dif-
ferent types of amino acids, carbohydrates, fibre, and 
minerals (zinc, copper, sodium, potassium, calcium, 
and phosphorus). It also shows multiple pharmaco-
logical actions such as antiviral, anti-fungal, antibac-
terial, antioxidant, anti-inflammatory, antidiabetic, 
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spasmolytic, and anticoagulant activities [42]. The 
antiviral and immunomodulatory properties of 
Glycyrrhiza glabra have been well documented in 
different studies. For example, glycyrrhizic acid (a 
triterpene of Glycyrrhiza glabra) has shown antivi-
ral and immune activation properties against wide 
range of viruses, including the human immunode-
ficiency virus (HIV) [43]. Furthermore, it induced 
the secretion of interferons in humans through its 
antioxidant and anti-inflammatory properties [44]. 
Moreover, it also showed remarkable interactions 
with the active sites residues of major protease, an 
antiviral-drug target of SARS-CoV-2 [45]. The root 
extracts of Glycyrrhiza glabra and glabridin, an ac-
tive constituent of Glycyrrhiza glabra were active 
against filamentous fungi and yeast [46]. The anti-
fungal activity of Glycyrrhiza glabra (phenolic ex-
tract and individual polyphenolic compounds) has 
been studied against opportunistic fungal infections 
including, different Candida strains [47].

Azadirachta indica 

The anti-diabetic potential of the leaves of Azadirachta 
indicia has been validated through a randomized, 
double-blind, placebo-controlled clinical study and 
sucrase enzyme inhibitory study [48, 49]. The pre-
dominant phytochemicals of leaves of various plants 
including, Azadirachta indica and Moringa oleifera 
are showed remarkable in silico binding score with the 
active site of the main protease of SARS-CoV-2 [50]. 
Apart from this, the liposomal gel containing neem 
extract with an antifungal drug (ketoconazole) has 
been prepared and studied against seborrheic der-
matitis, which showed synergistic antifungal action 
against Aspergillus niger and Candida albicans [51]. 
The recent review also elaborated the antifungal ac-
tivity of most effective medicinal plants, including 
Azadirachta indica against dermatophytes [52]. 

Ocimum sanctum 

Ocimum sanctum (Tulsi) is considered to be the queen 
of green/herbal medicine because it has a wide range 
of nutritional and medicinal properties. It improves 
the defence mechanism against viral infection in 
humans. Its active constituents (caryophyllene, eu-
genol and β-carotene) showed a strong interaction 
score with the spike protein of SARS-CoV-2 [53]. 
Apart from this, the leaves extract and essential oil of 
Ocimum sanctum also depicted anti-fungal activity 
against clinically isolated dermatophytes and most 

of the Aspergillus spp., respectively [54, 55]. More-
over, the extract of Ocimum basilicum inhibited the 
aerial mycelium growth of Fusarium spp. [56]. The 
antifungal efficiency of essential oils also proved to 
be 10-100 fold higher than the ketoconazole and 
bifonazole [57]. More interestingly, essential oil 
prepared from the basil aerial parts had displayed 
anti-fungal activity against different pathogenic 
fungi including Mucor mucedo, Aspergillus niger  
(A. niger), etc. [58]. These detailed studies suggest 
that the antifungal efficiency of basil extract and its 
essential oils against the deleterious fungal growth.

Phyllanthus emblica 

It shows various pharmacological actions. In the 
recent review mechanistic actions of Phyllanthus 
emblica for the management and prevention of type 
2 diabetes was explained [59].

Curcuma longa

The consumption of turmeric can exert anti-diabet-
ic action through its multiple actions. For example, 
it can improve the function of pancreatic β-cells 
and improve insulin resistance, which eventually 
normalizes the disturbed carbohydrate metabolism 
[60]. Moreover, the antioxidant property Curcuma 
longa can down-regulate the expressions of inflam-
matory cytokines through its control over nuclear 
factor kappa B(NF-κB) signalling [61]. Turmeric 
along with ginger also cures inflammation through 
its anti-inflammatory actions [62]. 

The plants enriched with terpenoids, saponins, 
and alkaloids are considered as the source of potent 
antifungal drugs [63]. For example, the chemical 
analyses of ginger revealed plentiful compounds 
which include alkaloids, steroids, saponins, phy-
tosterols, flavonoids, proteins, vitamins (A, B, C), 
minerals, etc. [64]. It is reported that steroidal 
saponin of ginger inhibited the rice blast fungus, 
Pyricularia oryzae [65]. In addition, the aqueous 
extract, essential oil, and oleoresin of ginger also 
exhibited antifungal activity against A. niger and 
F. oxysporum [66]. 

Cuminum cyminum and Cinnamomum zeylani-
cum

Cuminum cyminum (Cumin) is an aromatic plant. 
It shows anti-diabetic activity through its protective 
action over the pancreatic β-cells. It also increases 
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insulin secretion and enhances glycogen storage 
[67]. Cumin can positively regulate carbohydrate 
metabolism through its insulin potentiating action. 
Apart from this, the essential oil of cumin has been 
enriched with terpenoids, cymene, cumin aldehyde 
[68]. Cumin (essential oil) and cinnamon have ex-
hibited remarkable antimicrobial activities against 
harmful fungi like A. niger and Aspergillus flavus 
(A. flavus) [69]. Cinnamomum zeylanicum (Cinna-
mon) is considered as a health-promoting agent. It 
has been revealed that the inclusion of cinnamon in 
daily food can protect the body from the complica-
tions of impaired insulin action. Apart from this, 
cinnamon essential oil and extract were depicted 
the strongest effect on the fungi, Rhizomucor sp. and 
A. niger, respectively [70, 71].

Citrus limon

It has been observed that the intake of Citrus spp. 
reduced fever and cough symptoms of patients in-
fected with COVID-19. In addition, Citrus spp. also 
interfered with the pathogenesis of COVID-19 [72]. 
The crude extract of Citrus limon has shown anti-
fungal effects against the fungal isolates of infected 
patients [73]. The major bioactive constituent of Cit-
rus limon is d-limonene, a chief antioxidant, which 
protects skin because of its cleansing and purifying 
properties [74]. It is well known that Citrus limon 
is a chief source of vitamin C and various miner-
als. Therefore, it performs various functions such 
as antioxidant, co-factor, immunity promotor, and 
inducer of hormone and collagen biosynthesis [75].

Moringa oleifera

Moringa oleifera is the most important functional 
food. It has been consumed as spinach and soup. All 
parts of Moringa oleifera have been used as traditional 
ailments for the treating of various conditions such 
as anaemia, sore throat, respiratory disorders, chest 
congestion, diabetes, etc. Its leaves are the best source 
for various vitamins (vitamin C, A, E, and B complex 
vitamins such as riboflavin, thiamine, nicotinic acid, 
pyridoxine, folic acid, and niacin) and minerals (zinc, 
selenium, calcium, potassium, copper, and iron) [76, 
77]. Most of the vitamins are essential for anti-viral 
and anti-inflammatory activities and also improve 
overall immune function [78-82]. 

Its aqueous extract contained numerous bioac-
tive compounds and showed various pharmacologi-
cal activities [83, 84]. Various solvents extracts and 

essential oil of Moringa oleifera leaves have depicted 
antifungal activity against the various dermato-
phytes [85, 86]. The methanolic leaf extract of Mor-
inga oleifera has inhibited the spore germination 
and mycelial growth of Botrytis cinerea which causes 
grey mould in fruits and vegetables [87]. Further-
more, the methanolic leaf extract of Moringa oleifera 
also has the potential to eradicate Rhizopus stoloni-
fer, a black bread mould, which can affect fruits, 
vegetables, people with poor immunity, and wound 
with high sugar content [86]. It has been believed 
that the anti-fungal effect of leaf extracts of Moringa 
oleifera against phytopathogenic fungi might be ex-
erted through its small peptides, which can either 
bind with chitin, or increase fungal membrane or 
cell wall permeability [86, 88].

Papaver somniferum

Papaver somniferum L. is commonly known as 
poppy seeds. It is rich in unsaturated fatty acids, 
vitamin E, and minerals (zinc, iron, copper, man-
ganese, phosphorus, selenium, and magnesium). 
These minerals are essential for various pharmaco-
logical actions including antidiabetic, antiviral, anti-
inflammatory, and immunomodulatory properties 
[89-91]. It also contains pharmaceutically important 
compounds such as steroid, alkaloid, flavonoid, es-
sential oil, phenylpropanoid, and triterpenoid [92]. 
It holds various health benefits including analgesic, 
antioxidant, anti-inflammatory, anti-diabetic activi-
ties, etc. Its fiber and minerals contents improve im-
munity and exert antidiabetic activity [93].

The paste form of poppy seeds or a combination 
of poppy seeds with other herbs reduced scalp in-
fections, skin inflammation, and is also effective in 
the treatment of eczema, burns, and itching. For 
example, chamomile flowers alone or with crushed 
poppy-heads are used as a poultice and also used in 
facial swelling associated with infection or abscess 
[94]. Furthermore, plants enriched with bioactive 
compounds like alkaloids and triterpenoids are 
believed to be a source of potent antifungal drugs 
[63]. It is evident that cold aqueous and metha-
nolic extracts of Argemone mexicana (Prickly 
poppy/Mexican poppy) stem and leaves inhibited 
the growth of Mucor indicus [95]. Furthermore, 
the alkaloid extracts of Papaver species, including 
Papaver somniferum were more effective against 
human fungal pathogen than the studied bacte-
rial pathogens [96]. The available backgrounds of 
Papaver somniferum L. (poppy seeds) suggest that 
poppy seeds are the reservoir of pharmaceutically 
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important bioactive compounds. Further explora-
tion of compounds of poppy seeds could fulfil re-
cent therapeutic needs for various life-threatening 
human diseases/infections. 

The elaborated herbs and spices hold numer-
ous bioactive compounds and micronutrients. 
Therefore, the intake suggested herbs-spices mix-
ture could exert multiple effects such as anti-viral, 
anti-fungal, antihyperglycemic, antioxidant, anti-
inflammatory, and immunomodulatory effects for 
the correcting of altered immunity and metabolism 
in post-COVID diabetic patients and could offer 
effective protection against the impaired immune-
metabolism associated Mucorales infections.

CONCLUSION

Mucormycosis is a life-threatening infection in 
post-COVID diabetic subjects. The available treat-
ments are accompanied with several drawbacks. It 
is well-known that prevention is better than cure. 
In the post-COVID diabetic patients, immune-
metabolism is severely altered which provides a 
suitable environment for the growth of a fungus, 
Rhizopus arrhizu. This review has suggested some 
of herbs and spices enriched with bioactive com-
pounds and micronutrients (vitamins and miner-
als). The intake of the reviewed herbs and spices 
mixture in the form of hot water extract, spin-
ach/soup (Moringa oleifera), juice (Citrus lemon 
and Phyllanthus emblica) or consumption of Cur-
cuma longa with milk could exert their multiple 
therapeutic effects such as anti-viral, anti-fungal, 
anti-diabetic, antioxidant, anti-inflammatory, and 
immunomodulatory properties for the realigning 
of impaired-immune metabolism and this could 
eventually help to protect the infected diabetic 
patients from the post-COVID secondary infec-
tion, mucormycosis. As the herbal compounds are 
template for the preparation/synthesis of pharma-
ceutical drugs, the suggested herbal sources could 
provide the idea for the searching of active drugs 
against the deadly infection, mucormycosis.
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