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Abstract 35 

 36 

The antipathogenic, immunomodulatory, and other beneficial properties of medicinal plants have 37 

made them a potentially ideal alternative to chemotherapeutic treatments for fish health. Therefore, 38 

medicinal plants as alternative therapeutics in fish have been regarded by many studies as healthy 39 

and safe because plants are “natural” and thus considered harmless. However, some toxicology 40 

studies raise concerns for these medicinal plants’ safety and implications for application on fish. 41 

These studies reveal that the plant application may lead to some potential health risks on fish. The 42 

aim of this review is to briefly summarize and discuss the adverse effects of medicinal plants on 43 

fish health. 44 

 45 
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1. Introduction 70 

 71 

The fish industry is one of the most important major suppliers of animal protein worldwide. The 72 

industry has grown steadily over the past 50 years, and today, fish has become the main source of 73 

protein for many countries (Naylor et al. 2000; Bostock et al. 2010; FAO 2020). To date, producers 74 

have increased the size and efficiency of intensive production systems for cost-effective fish 75 

production (Halwart et al. 2007; Naylor et al. 2021). They are designed to improve economies of 76 

scale and maximize productivity by optimizing fish conditions. However, these intensive systems 77 

have also increased the risk and impact of infection problems. Any pathogen that compromises the 78 

efficiency of the fish production system can pose a threat to food security worldwide (Pérez-79 

Sánchez et al. 2018). 80 

 81 

Chemical and antibiotic treatments are commonly used for controlling pathogens. However, these 82 

have several disadvantages, including their high cost and posing detrimental effects to the 83 

environment when used in high dosage (Chuah et al. 2016; Watts et al. 2017). Furthermore, 84 

antibiotics cause immunosuppression and accumulation of residues in fish organs (Bulfon et 85 

al. 2013). Vaccination, which is another treatment method, can sometimes be ineffective against 86 

pathogens since immune responses are not well developed when applied to fry (Falaise et 87 

al. 2016). In addition, there is currently a lack of commercial vaccines against pathogens, 88 

especially parasite species (Adams 2019). Therefore, it is crucial to expand alternative therapeutics 89 

knowledge to develop sustainable systems to control fish pathogens. The increasing economic and 90 

environmental significance of fish diseases has enhanced the importance of studies of the 91 

medicinal plant benefits on fish health, as they have the potential to contribute to disease 92 

prevention and control strategies. Medicinal plants have pharmacological and therapeutic 93 

characteristics such as antifungal, antibacterial, antiviral, and antiparasitic or sometimes they can 94 

be an immunostimulant, growth promoter, or antistress agent due to the natural compounds they 95 

contain (Awad and Awaad 2017; Doan et al. 2020; Elumalai et al. 2021). 96 

 97 

In scientific studies, most medicinal plants are proposed as biological control agents when used as 98 

directed and under the supervision of knowledgeable individuals (Reverter et al. 2017). However, 99 

as the application of medicinal plant research grows and many new candidates are introduced as 100 

antipathogenic or immunostimulant agents, concerns surrounding their safety are not thoroughly 101 

considered. Most medicinal plants used in fish production are still in the early research phase for 102 

setting, species of plant, dose, and exposure time. Toxic and therapeutic effects may occur at the 103 

same doses in plant administration for fish in any treatment method (Zhang et al. 2014; Zoral et 104 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR72
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR14
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR35
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR43
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR73
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR79
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR21
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR106
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR15
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR34
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR3
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR9
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR24
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR31
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR87
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR118
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al. 2018). In addition, medicinal plants contain multiple unknown biologically active constituents 105 

which have not been adequately researched for pharmacological and toxicological properties in 106 

fish health (Zoral et al. 2018). The limited knowledge of the potential adverse effects of these 107 

plants makes it difficult to encourage their rational use during bath or oral treatment. 108 

 109 

The purpose of the review is to provide guidance on reviewing the adverse effects of medicinal 110 

plants on fish health. 111 

 112 

2. Characterization of adverse effects of medicinal plant 113 

 114 

Even after a successful medicinal plant application for a target disease or to promote fish health 115 

has been identified, this treatment still faces serious challenges. Unacceptable plant toxicities may 116 

threaten fish health with the increased dose and/or the duration of treatment. For example, side 117 

effects can sometimes occur as anti-nutritional (Dongmeza et al. 2006), immunosuppressive (Baba 118 

et al. 2018), and hepatotoxic and nephrotoxic effects (Zoral et al. 2018). Therefore, some clinical 119 

tools are crucial for monitoring plant adverse effects on fish health. In the context of standard 120 

guideline toxicology studies, scientists primarily characterize adversity based on the median lethal 121 

concentration (LC50), morphologic endpoints at the cell, tissue, or organ level using 122 

histopathology, in combination with hematology and blood chemistry data (Wester and 123 

Canton 1991; OECD 2019; Teh et al. 1997; Green and McCormick 1999; Zakęś et al. 2008). 124 

 125 

Evaluation of hematology parameters is a sensitive index, and important in the correct 126 

interpretation of the physiological state of the fish, minimizing side effects and determining the 127 

safe effective dose during medicinal plant applications (Burhop et al. 2004; Ramaiah 2007; 128 

Vazquez and Guerrero 2007; Gbadamosi et al. 2008; Ozer et al., 2008; Lorenz et al. 2018; 129 

Fazio 2019). In many toxicology studies, diagnosis of anemia is based on detecting a reduction in 130 

red cell mass (evaluated by measurement of hematocrit (Hct), RBCs count and hemoglobin 131 

concentration (Hb) (Maita 2007). Available evidence showed that the consumption of medicinal 132 

plants caused significant alteration in hematological biomarkers resulting in anemia in fish (Irkin 133 

et al. 2014; Gabriel et al. 2015). The white blood cells (WBCs) participate in both innate and 134 

adaptive immune responses by expressing cell-specific immune-relevant genes (Esmaeili 2021). 135 

Although most studies have shown the positive effects of various plant extracts on WBCs numbers 136 

(Nhu et al. 2019; Yousefi et al. 2021), one study showed that the administration of high doses 137 

of Aloe vera (L.) Burm.f. extract in feed reduced WBCs numbers in fish (Harikrishnan et al. 2011). 138 

 139 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR122
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR122
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR25
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR10
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR122
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR107
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR76
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR99
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR42
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR115
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR16
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR82
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR103
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR39
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR78
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR63
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR36
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR65
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR55
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR38
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR32
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR74
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR112
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR46
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Blood biochemistry parameters are important diagnostic tools for the detection of abnormalities 140 

and monitoring the function of internal organs in fish (Allison 2012). Aspartate transaminase 141 

(AST), alanine transaminase (ALT), and alkaline phosphatase (ALP) are enzymes that are 142 

indicators of response to liver damage, liver function, and environmental stress (Hoffman and 143 

Solter 2008; Haschek et al. 2010; Kong et al. 2012; Kim and Kang 2016; Bhat et al. 2017; Silva 144 

et al. 2018; Cai et al. 2020). Some studies reported that various medicinal plant diets increased 145 

AST, ALT, and ALP levels resulting in hepatotoxicity in fish (Rao et al. 2006; Mohebbi et 146 

al.  2011; Kavitha et al. 2012; Zhang et al. 2020; Hoseini et al. 2021; Wangkahart et al. 2022). 147 

 148 

3. Medicinal plants and their adverse effects on fish health 149 

 150 

Several current studies have addressed the safe use of plants and determined their toxicological 151 

effects during treatment application in fish (Table 1). 152 

 153 

3.1. Garlic (Allium sativum L.) 154 

 155 

Allium sativum L., commonly known as “garlic,” is a member of the Amaryllidaceae family and 156 

is cultivated throughout the world. Garlic has been used for many years to prevent and control 157 

disease and has been proven to have immunostimulant, antibacterial, antifungal, antiviral, and 158 

antiparasitic effects against fish pathogens (Nya and Austin 2009; Thanikachalam et al. 2010; 159 

Militz et al. 2013; Fridman et al. 2014; Reverter et al. 2014). The investigation of the effect of the 160 

garlic diet against fish pathogens is well documented but mostly based on observation of the 161 

survival rate of fish during infection or target pathogen burden in fish. Overdose of garlic diet 162 

known to be hepatotoxic and nephrotoxic was presented in several researches. Garlic extract in 163 

feed (2 g/kg body weight of fish) caused pathological changes in the liver such as pyknotic cells 164 

with cytoplasmic vacuoles in spiny catfish (Chrysichthys auratus) (Al-Salahy and 165 

Mahmoud 2003). In addition, the kidney exhibited cell degeneration such as necrotic cells, and 166 

extensive damage of the renal tubules after 11 days (Al-Salahy and Mahmoud 2003). 167 

 168 

Moreover, El-Barbary (2018) reported that 20 g/kg of garlic supplemented feed for 14 days 169 

showed cases of liver damage such as intravascular hemolysis in blood vessels and vacuolar 170 

degeneration of hepatocytes in Nile tilapia (Oreochromis niloticus). A previous study reported that 171 

AST and ALT in rainbow trout (Oncorhynchus mykiss) were significantly (p < 0.05) higher in 40 172 

and 50 g/kg of garlic supplemented feed groups at the end of 8 weeks (Mohebbi et al. 2011). In 173 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR6
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR49
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR47
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR61
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR60
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR12
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR96
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR17
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR84
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR68
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR59
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR119
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR50
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR105
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR75
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR100
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR67
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR37
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR86
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR7
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR7
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR29
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR70
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another study, ALT level in sturgeon (Huso huso) was increased but not significantly during the 174 

1 g/kg of garlic supplemented feed after 60 days. 175 

 176 

According to Irkin et al. (2014), using 20 g/kg of garlic powder in feed caused a decreased RBCs, 177 

Hb, and Hct, resulting in anemia in sea bass (Dicentrarchus labrax) for 60 days feeding. 178 

 179 

In acute toxicity tests, safe doses of garlic for Nile tilapia have been assessed for Trichodina spp. 180 

treatment in two independent studies. LC50 of garlic extract for Nile tilapia fries was 6.186 181 

e−8 mg/L for 96 h (El-Galil and Aboelhadid 2012) while the LC50 crude extract of garlic was 182 

2259.44 mg/L for 2 h (Chitmanat et al. 2005). Although the age, size, and species of fish used in 183 

the two studies were the same, significant differences were found in the acute toxicity test. The 184 

tolerance level of fish for garlic extracts may vary depending on the dose of extract, exposure time 185 

of extract, the preparation method of extract, fish condition, water quality parameters such as 186 

ammonium, nitrite, dissolved oxygen, pH, and temperature, and other environmental stress factors. 187 

 188 

3.2. Rosemary (Rosmarinus officinalis L.) 189 

 190 

Rosmarinus officinalis L., commonly known as “rosemary,” comes from the Lamiaceae family 191 

that is native to the Mediterranean region. Rosemary has been reported to have antibacterial, 192 

antiparasitic, immunostimulant, and other beneficial properties for fish health during bath and oral 193 

application (Abutbul et al. 2004; Zilberg et al. 2010; Zoral et al. 2017; Yousefi et al. 2019; 194 

Ebrahimi et al. 2020). However, some previous studies have reported that the use of rosemary has 195 

adverse effects on fish. For example, the use of 20 ml/100 g or more of rosemary supplemented 196 

feed for 20 days has shown to cause dose-dependent histopathological alterations such as pyknotic 197 

nucleus, cellular atrophy, irregular-shaped nucleus, and necrotic cell in the liver (Zoral et al. 2018). 198 

The presence of pyknotic nucleus and cytoplasmic vacuolation in the kidney was concluded that 199 

rosemary caused hepatotoxicity, and nephrotoxicity in common carp (Cyprinus carpio) (Zoral et 200 

al. 2018). A higher AST level was detected but not significantly during oral application of 201 

rosemary extract (Zoral et al. 2018). Interestingly, the study also found that 80 ml/100 g of 202 

rosemary supplemented feed has adverse effects on fish organs, but at the same time, this dose 203 

was effective against Dactylogyrus minutus, monogenean (Zoral et al. 2017 and Zoral et al. 2018). 204 

The low hepatosomatic index has been reported in great sturgeon (Huso huso) fed diets containing 205 

2% rosemary extract after 8 weeks (Ebrahimi et al. 2020). Another study demonstrated that 206 

168.5 ml/kg of rosemary supplemented feed in yellowtail kingfish (Seriola lalandi) gained less 207 

weight than the garlic diets (10 g/kg dried ground garlic and 3 g/kg Aquagarlic-P commercial) 208 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR55
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR30
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR20
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR2
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR120
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR121
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR111
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR27
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR122
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR122
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR122
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR121
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR122
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR27
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groups after 30 days (Ingelbrecht et al. 2020). This study might demonstrate liver function 209 

damage, leading to hepatotoxicity at high doses of rosemary extract or long-term feeding 210 

administration in fish. 211 

 212 

Using solvent is the most common method of extraction of bioactive compounds from plant 213 

materials such as fruit, leaf, seed, and root (Huie 2002; Metrouh-Amir et al. 2015; Van Hai 2015). 214 

The lethal dose of rosemary leaf extract was investigated for common carp using two different 215 

solvents (Zoral et al. 2017). In the toxicity assays, the LC50 of rosemary ethanolic extract was 216 

2.1 g/L while rosemary aqueous extract was 127.2 g/L at 30-min exposure in common carp. In 217 

addition, the active compound of 1,8-cineole in water and ethanol extract was determined to be 218 

3.1 mg/100 g and 23 mg/100 g respectively. The important difference between the two results can 219 

be explained by the type of solvent used in the extract. Due to the presence of bioactive compounds 220 

of different chemical characteristics and polarities that may or may not be soluble in solvents, 221 

extract yields and the resulting bioactive compounds activities of plant materials vary with the 222 

type of solvent used (Jakopic and Veberic 2009; Gironi and Piemonte 2011; Hwang and 223 

Thi 2014). In addition, some studies have reported that the plant’s production of bioactive 224 

molecules and their secondary metabolites vary depending on the seasonal change and 225 

geographical conditions (Prinsloo and Nogemane 2018). Hence, selecting the best solvent and 226 

collecting plants in specific seasons play a crucial role in the quality and quantity of the plant 227 

extraction. 228 

 229 

3.3. Lang-du (Euphorbia fischeriana Steud.) 230 

 231 

Euphorbia fischeriana Steud., commonly known as “lang-du” and a member of the Euphorbiaceae 232 

family, is commonly used as a medicinal plant supplement in northern China. The anthelmintic 233 

activity was observed against the eggs and adults of D. vastator, monogenean, using lang-du 234 

ethanolic acetate extract at 10 and 20 mg/L in vitro (Zhang et al. 2014). In in vivo adult parasite 235 

survival test, the effective dose of the ethyl acetate extract of lang-du was calculated at 14 mg/L 236 

after 48 h, which eliminated 80.1% of monogenean from goldfish (Carassius auratus) gills. 237 

However, the min anthelmintic dose (14 mg/L) of the ethyl acetate extract was almost the same 238 

lethal dose (LC50 = 13.65 mg/L) for fish. This study and the rosemary extract studies (Zoral et 239 

al. 2017 and Zoral et al. 2018) are strong evidence that the toxic and therapeutic doses of the target 240 

plant are sometimes very close. Therefore, the effects of plant extracts against pathogens and on 241 

fish health should be studied carefully. 242 

 243 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR54
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR52
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR66
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR102
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR121
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR58
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR41
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR53
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR81
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR118
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR121
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR122
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3.4. Lemon balm (Melissa officinalis L.) 244 

 245 

Melissa officinalis L. is a member of the family Lamiaceae and grows widely in central and 246 

southern Europe and in Asia Minor. The effects of dietary lemon balm have been reported as 247 

immunomodulator, growth promoter, antibacterial, and antioxidant agent in the scientific literature 248 

for fish health (Bilen et al. 2020; Mohammadi et al. 2020; Wang et al. 2022). However, the 249 

positive effects of lemon balm depend on the administration period and dose of extract in feed. 250 

The occurrence of nephrotoxicity was reported with histopathological alterations including 251 

degenerative and necrotic lesions in the kidney tubules of rainbow trout for 30 days of oral 252 

application using 400 and 1350 mg/kg of lemon balm supplemented feed (Jafarpour et al. 2018). 253 

In addition, the heart showed some local hemorrhage focal infiltration of lymphocytic 254 

inflammatory cells in the highest dose of the lemon balm extract. Researchers found that both 255 

doses of lemon balm cause genotoxicity, which indicates the potential DNA damage in 256 

erythrocytes (Jafarpour et al. 2018). 257 

 258 

3.5. Neem (Azadirachta indica A. Juss.) 259 

 260 

Azadirachta indica A. Juss., commonly known as “neem,” belongs to the Meliaceae family, is 261 

native to India, and was introduced to Africa, the Middle East, and the Caribbean. Neem has been 262 

reported to be antibacterial against Vibrio harveyi, antiparasitic against a flagellate protozoan of 263 

the Hexamitidae family, and immunostimulator using oral treatment in fish (Talpur and 264 

Ikhwanuddin 2013; Rather et al. 2016; Mondal et al. 2020). In addition, combined administration 265 

of neem, guava (Psidium guajava L.), and bitter leaf (Vernonia amygdalina Del.) increased 266 

disease resistance against co-infections of Streptococcus agalactiae and Aeromonas jandaie is 267 

possible in Nile tilapia after 8 weeks of oral application (Abarike et al. 2022). However, ALT, 268 

AST, and ALP significantly increased on the plant diet of 3 g/kg and above, and severe cell 269 

alterations such as pyknosis, necrotic cells, congestion of sinusoids, and cytoplasmic vacuolation 270 

occurred in the liver after 8 weeks of oral administration (Abarike et al. 2022). Nile tilapia was 271 

exposed to neem extract (1/10 LC50 = 112.5 mg/L) for 3 weeks (El-Badawi et al. 2015). After the 272 

bath treatment, vacuolar degeneration, hepatocytic necrosis, congestion of blood vessels, and 273 

pyknotic nucleus were observed in the liver. Typical severe histopathological alterations such as 274 

hyperplasia, lamellar fusion, epithelial uplifting, and necrosis were found in the gills. The posterior 275 

kidney was observed with severe tubular necrosis and cytoplasmic vacuolation at the end of bath 276 

application (El-Badawi et al. 2015). Aqueous neem extracts (LC50 = 6.03 mg/L at 96 h) caused 277 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR13
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR69
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR104
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR57
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR57
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR98
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR85
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR71
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR1
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR1
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR28
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR28
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erratic swimming and respiratory distress in redbelly tilapia (Coptodon zillii) (Omoregie and 278 

Okpanachi 1997). 279 

 280 

3.6. Moringa (Moringa oleifera Lam.) 281 

 282 

Moringa oleifera Lam. from the Moringaceae family is commonly known as “moringa” or 283 

“drumstick tree.” It grows widely in many tropical and subtropical regions such as Africa, South 284 

and Central America, Mexico, Hawaii, and throughout Asia and Southeast Asia. The oral 285 

application of moringa extract for 50 days has been found to have antibacterial activity 286 

against Aeromonas hydrophila, immunostimulator, and growth promoter in gibel carp (Carassius 287 

auratus gibelio var. CAS III) (Zhang et al. 2020). In addition, ALT and AST levels were 288 

significantly lower in all doses of moringa diet (5–15 g/100 g of moringa supplemented feed) 289 

groups (Zhang et al. 2020). However, diet groups showed hepatosomatic index decreased. This 290 

finding is related to hepatotoxicity (Hamid et al. 2021) or increased metabolism of fish and protein 291 

synthesis resulting in the consumption of glycogen and lipid of hepatocytes for enhancement 292 

immunity (Chen et al. 2019). Interestingly, all treatment groups showed significantly higher ALP. 293 

This finding is evidence that the moringa diet in all doses can be a potential stressor or 294 

hepatotoxicity in fish. 295 

 296 

Another study also found that organ dysfunction biomarkers such as AST, ALT, and ALP were 297 

gradually increased in the safe dose (12.40 mg/L) of moringa extract depending on exposure time 298 

in common carp for 35 days (Kavitha et al. 2012). This result is referred to as cellular damage in 299 

the liver. In addition, RBCs, Hct, Hb, and mean corpuscular hemoglobin concentration (MCHC) 300 

were significantly decreased in common carp, resulting in anemia in a safe dose of moringa extract 301 

(a non-lethal dose of 1/10th of 96 h LC50 value of 12.40 mg/L) (Kavitha et al. 2012). 302 

 303 

Moringa contains saponin and tannin, which cause anti-nutritional factor (Madalla et al. 2013; 304 

Samtiya et al. 2020). All moringa diet (15–60 mg/100 g of moringa supplemented feed) showed 305 

poor diet palatability, and a significant reduction in feed intake in Nile tilapia (Madalla et al. 2013). 306 

In addition, all diet groups showed a significant decline in growth rate compared with the control 307 

group at the end of 8 weeks (Madalla et al. 2013). Similarly, Nile tilapia showed significantly low 308 

body mass gain, resulting to reduction in specific growth rate in all moringa methanolic extract 309 

diet (106–177 g/kg of moringa supplemented feed) groups compared to control after 10 weeks 310 

(Dongmeza et al. 2006). Interestingly, fish fed diets which contained lower amounts of tannins, 311 

saponins, and total phenolics in extract resulted in better growth parameters than other 312 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR77
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR119
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR119
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR44
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR19
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR59
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR59
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR64
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR92
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR64
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR64
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR25
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experimental diet groups. In light of this, the effects of different antinutrients should be viewed 313 

not only individually, but also in terms of the effects of different antimetabolites acting together, 314 

in relation to their proportions and quantities. 315 

 316 

3.7. Olive (Olea europaea L.) 317 

 318 

Olea europaea L. belongs to the Oleaceae family and is an important plant distributed in the 319 

Mediterranean region. A total of 1 and 2 g/kg of olive supplemented feed have been reported to 320 

alleviate pesticide, Danitol®, toxicity through the regulation of the haemolysis, SOD, CAT, ALT, 321 

AST, and ALP enzymes in common carp (Ghelichpour et al. 2020). In addition, Sokooti et al. 322 

(2021) reported that dietary olive extract in all doses (200 and 400 mg/kg of olive supplemented 323 

feed) had enhanced WBCs and lysozyme in common carp for 75 days of feeding. In another study, 324 

1 g/kg of dietary supplementation olive extract diet has also been reported to upregulate the non-325 

specific immune response genes including IL-8, IL-1β, and TNF-α in rainbow trout, leading to a 326 

high survival rate against Yersinia ruckeri (Baba et al. 2018). However, high doses of olive extract 327 

in feed including 2.5, 5, and 10 g/kg group showed immunosuppression effect on IL-8, IL-1β, and 328 

TNF-α, resulting in a low survival rate in Y. ruckeri challenge compared to the control after 329 

60 days. A total of 5 and 10 g/kg of olive supplemented feed showed negative relative and specific 330 

growth rate in common carp after 60 days compared to all lower doses (1 and 2.5 g/kg of olive 331 

supplemented feed) and control (Zemheri-Navruz et al. 2020). In addition, digestive enzymes 332 

including α-amylase, protease, and lipase were found significantly lower in higher doses (5 and 333 

10 g/kg). These adverse effects are a clear example that sometimes high doses did not yield the 334 

enhanced effects observed at lower concentrations (Sakai 1999). Therefore, there is no positive 335 

correlation between increased extract dose and guaranteed beneficial effect on fish health. 336 

 337 

3.8. Russian olive (Elaeagnus angustifolia L.) 338 

 339 

Elaeagnus angustifolia L. belongs to the Elaeagnaceae family. Vernacular names are Russian olive 340 

or oleaster. The plant is cultivated in western and central Asia, Europe, and some parts of North 341 

America (Hamidpour et al. 2017; Saboonchian et al. 2014). Russian olive extract in feed enhanced 342 

immune-related parameters such as total serum protein, globulins, lysozyme activity, lymphocytes 343 

production, and WBCs in common carp (Hoseini et al. 2021). However, fish fed with 30 g/kg of 344 

Russian olive supplemented feed showed significantly higher AST, and ALT induced 345 

hepatotoxicity after 8 weeks (Hoseini et al. 2021). 346 

 347 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR40
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR97
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR10
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR117
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR91
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR45
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR89
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR50
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR50
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3.9. Date palm (Phoenix dactylifera L.) 348 

 349 

Phoenix dactylifera L., originating from the regions of Southwest Asia and North Africa, is a plant 350 

from the Arecaceae family (Baliga et al. 2011). It has been reported to be a potent growth 351 

promoting agent in common carp (Hoseinifar et al. 2015; Ahmed et al. 2017; Mohammadi et 352 

al. 2018). In addition, the immunostimulatory effect of the date palm diet was reported on the skin, 353 

resulting in increase in skin mucosal immunity (Hoseinifar et al. 2015), and an increase in 354 

lysozyme activity (Mohammadi et al. 2018). The toxicity of the date palm diet was investigated in 355 

different doses (0.5, 1, 2, and 4 g/kg of palm date extract) using a blood chemistry assay on 356 

common carp. AST, ALT, and ALP on common carp significantly increased in a dose-dependent 357 

manner, resulting in hepatotoxicity after 60 days (Mohammadi et al. 2018). 358 

 359 

3.10. Astragalus (Astragalus membranaceus or Astragali Radix Fisch. ex Bunge) 360 

 361 

Astragalus membranaceus Fisch. ex Bunge from the Fabaceae family is one of the important 362 

Chinese traditional medicinal plants which is widely abundant in the northern and eastern parts of 363 

China, as well as Mongolia and Korea. It has been reported to play an important role in biological 364 

responses, including growth promoter, immunostimulatory activity, and antibacterial against A. 365 

hydrophila in Nile tilapia and common carp (Yin et al. 2006, 2009; Ardó et al. 2008; Zahran et 366 

al. 2014). However, there has been one report available regarding the astragalus diet that caused 367 

hepatotoxicity in juvenile pikeperch (Sander lucioperca) (Zakęś et al. 2008). Diets containing 368 

1 g/kg astragalus powder and a mixture of two plant powders (0.5 g/kg astragalus + 0.5 g/kg 369 

lonicera (Lonicera japonica Thunb.) damaged the liver and intestinal cells after 8 weeks. Both diet 370 

groups showed cell alterations such as fatty vacuolation, decreased nuclear size of hepatocytes, 371 

and necrotic cells in the liver. The enterocyte and its nuclear size in the intestine were significantly 372 

decreased in all treatment groups with astragalus (Zakęś et al. 2008). 373 

 374 

3.11. Aloe vera (L.) Burm.f. 375 

 376 

Aloe vera (L.) Burm.f. is a member of the Asphodelaceae family and is widely distributed in 377 

tropical and subtropical regions. Previous studies reported that enrichment of diet with A. vera has 378 

been shown to be growth promoter, anti-depressant, and immunostimulant as well as an 379 

antibacterial agent against Streptococcus iniae and S. agalactiae in fish (Alishahi et al. 2010; 380 

Heidarieh et al. 2013; Gabriel et al. 2015). On the other hand, anemia has been reported due to the 381 

use of high doses of A. vera extract in Nile tilapia after 60 days (Gabriel et al. 2015). Lower 382 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR11
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR51
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR4
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR68
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR51
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR68
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR68
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR109
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR110
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR8
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR114
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR115
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR115
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR5
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR48
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR38
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR38
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hematological indices such as RBCs, Hb, and Hct were reported in the highest doses of 383 

supplemented A. vera (40 g/kg in feed), whereas no significant difference was observed at low 384 

doses of A. vera diet (5, 10, and 20 g/kg A. vera in feed) compared to control. In addition, the 385 

WBC count was found significantly lower in fish fed 40 g/kg A. vera supplemented diet group. 386 

Overdose of A. vera extract for a long time causes an immunosuppression effect in fish 387 

(Harikrishnan et al. 2011). 388 

 389 

3.12. Bael (Aegle marmelos (L.) Corrêa) 390 

 391 

Aegle marmelos (L.) Corrêa belongs to the Rutaceae family. Nowadays, this plant has grown in 392 

the South East Asia region and some parts of USA states such as Florida and Hawaii (Rana et 393 

al. 1997). The medicinal properties of A. marmelos have been reported to enhance digestive 394 

enzymes, growth performance, antioxidant capacity, and non-specific immune response 395 

against Streptococcus agalactiae in Nile tilapia and A. hydrophila in common carp (Pratheepa et 396 

al. 2010; Wangkahart et al. 2022). In addition, ALT and AST were found significantly lower in all 397 

treatment groups (5, 10, 15, and 20 g/kg of bael supplemented feed) after 8 weeks (Wangkahart et 398 

al. 2022). Interestingly, ALP activity increased significantly in a dose-dependent manner. High 399 

ALP levels indicate that stress or hepatotoxicity has occurred in the host during oral therapy. 400 

 401 

3.13. Kulekhara (Hygrophila auriculata (Schumach.)) 402 

 403 

Hygrophila auriculata (Schumach.) belongs to the family of Acanthaceae. This genus is 404 

distributed in tropical region of Asia and Africa (Sethiya et al. 2018). It is reported for its growth 405 

promoter property, an immunostimulant agent, and a supporter of hematology parameters 406 

in Cirrhinus mrigala (Indian major carp) (Kumar et al. 2022). However, the ALP significantly 407 

increased in all treatment groups (5, 10, and 15 g/kg of kulekhara supplemented diet). 408 

 409 

3.14. Chaff-flower (Achyranthes aspera) 410 

 411 

A medicinal plant, Achyranthes aspera L., is a member of the Amaranthaceae and is commonly 412 

distributed throughout the tropical regions of India (Chakrabarti and Rao 2012). The growth 413 

promoter and immunostimulatory properties of the plant are well studied in walking catfish 414 

(Clarias batrachus) and various carps like catla (Catla catla) and rohu (Labeo rohita) (Sharma et 415 

al. 2019, 2021). A total of 1, 10, and 50 g/kg of chaff flower diet groups significantly increased 416 

ALP level in rohu after 4 weeks (Rao et al. 2006). 417 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR46
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR83
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR80
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR105
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR105
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR93
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR62
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR18
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR94
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR95
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR84
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 418 

3.15. Turmeric (Curcuma longa L.) 419 

 420 

The perennial herb Curcuma longa L. belongs to the family Zingiberaceae. It is a native species 421 

in the tropical and subtropical regions of Asia, America, and Africa (Yu et al. 2002). It was 422 

reported a growth promoter and an immunostimulant in fish (Fagnon et al. 2020). Although this 423 

herb had positive effects on health parameters, fish fed 0.1–5 g/kg turmeric added feed showed 424 

significantly higher ALP levels after 60 days (Sahu et al. 2008). 425 

 426 

3.16. Safflower (Carthamus tinctorius L.) 427 

 428 

Carthamus tinctorius L. belongs to the family Asteraceae and is a natural plant of Central Asia. 429 

Safflower is another candidate medicinal plant used as an antibacterial, immunomodulator, and 430 

growth promoter for fish health (Dadras et al. 2016; Zargari et al. 2018). Toxicity assay of the 431 

safflower was investigated on zebrafish (Danio rerio) (Xia et al. 2017). According to LC50 assay, 432 

345.6 mg/L was toxic for zebrafish embryos at 96-h bath treatment. Furthermore, teratogenetic 433 

effects such as pericardial oedema, tail malformation, notochord malformation, abnormal head-434 

trunk angle, scoliosis, yolk edema, and growth retardation were observed after 48-h bath treatment. 435 

In addition, concentrations of plant extract that are safe for embryos significantly altered and 436 

inhibited larvae swimming ability, indicating neurotoxicity (Xia et al. 2017). It revealed significant 437 

inhibition of heart rate at 48 and 72 h post fertilization at 250 mg/L bath administration which was 438 

evidence of developmental toxicity to the cardiac (Xia et al. 2017). The researchers also found that 439 

the levels of defense enzymes (SOD, CAT, and GPX) were significantly manipulated in zebrafish 440 

larvae, while the MDA content increased, the caspase-3 activity decreased, and the mRNA levels 441 

of the related genes might have triggered toxicity. Therefore, due to developmental abnormalities, 442 

safflower exposure is responsible for oxidative stress and increased apoptosis in zebrafish (Xia et 443 

al. 2017). 444 

 445 

3.16. Other medicinal plants 446 

 447 

Some studies have reported that zebrafish embryos show adverse effects when exposed to various 448 

plant extracts that have previously shown antipathogenic properties in fish (Reverter et al. 2014). 449 

For example, Momordica cochinchinensis Spreng. (39.4 ng extract/embryo) caused 450 

cardiotoxicity, oxidative stress, and apoptosis (Du et al. 2021). An increase in dose from 5 to 451 

100 g/kg of Tinospora cordifolia (Willd.) Miers ex Hook.f. & Thomson extract led to increased 452 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR113
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR33
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR90
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR23
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR116
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR108
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR108
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR108
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR108
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR86
https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR26
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mortality of zebrafish embryos after 48 h (Romagosa et al., 2016). Another toxicity experiment 453 

found that an aqueous extract of Orthosiphon stamineus Benth. (LC50 = 1.68 mg/ml) significantly 454 

caused cardiotoxicity in zebrafish embryos (Ismail et al. 2017). In addition, Andrographis 455 

paniculata (Burm.f.) Wall. (LC50 = 0.52 mg/ml), Cinnamon zeylanicum Blume 456 

(LC50 = 0.98 mg/ml), Curcuma xanthorrhiza Roxb. (LC50 = 0.74 mg/ml), and Eugenia 457 

polyantha Barb. Rodr. (LC50 = 0.92 mg/ml) caused significant adverse effects, resulting in 458 

decreased survival rate, malformation of organs, abnormal heartbeats, and delay in hatching rates 459 

in zebrafish embryos after 48 h (Ismail et al. 2017). 460 

 461 

4. Negative effects on non-target organisms 462 

 463 

Although medicinal plant substances are biodegradable, their use in water can have an adverse 464 

effect on non-target organisms that are more sensitive than fish, such as plankton. For 465 

example, Melaleuca alternifolia Cheel extract presented acute toxicity against nontarget Daphnia 466 

magna, with a 24-h LC50 of 80.64 mg/kg (Conti et al. 2014). In another study, Ichthyophthirius 467 

multifiliis infection in small scaled pacu (Piaractus mesopotamicus) was treated using 2-h daily 468 

baths of M. alternifolia extract for 5 days, using a concentration of 50 mg/kg (Valladão et 469 

al. 2015). 470 

 471 

5. Concluding Remarks and Future Research 472 

 473 

Medicinal plant treatment sometimes carries a risk of adverse effects, as in the examples above. 474 

Therefore, a brief discussion of some of the adverse effects of plants on fish health studies will 475 

ensure their safe use in fish. In the future, medicinal plants will continue to have great potential as 476 

alternative therapeutic agents for fish health management. To date, a limited number of medicinal 477 

plants have been studied to have beneficial effects as well as adverse effects on fish health. 478 

According to adverse effects studies, the tolerance level of fish for toxicity depends upon fish 479 

species, condition, age, plant species, type of plant extract, concentration of plant extract, and bath 480 

or oral administration time. 481 

There is still an urgent need for more detailed toxicology studies focusing on the adverse effects 482 

of some medicinal plants not mentioned in this review. A lack of knowledge of toxicology leads 483 

to misinterpretation and misunderstanding. Hence, such toxicology studies will help establish a 484 

suitable and safe dosage of antipathogenic, immunostimulant, or other beneficial properties of 485 

plants for fish health management. 486 

 487 

https://link.springer.com/article/10.1007/s10499-022-01015-1#ref-CR88
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