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Indoor plant poisoning poses serious threats to companion animals. One of the major reasons of this kind of hazard can be identified in the increased amount of time that the pets spend indoor, sharing the domestic environment with their owners. In this review, the toxic houseplants most commonly associated with companion animal poisoning in Europe and well-documented in the literature are emphasized. An analysis of the major and emerging plant species accountable for companion animal poisoning is proposed, in order to provide a framework of the factors influencing these incidents. Indeed, knowing the way substances may induce toxic effects in companion animals can be useful in allowing easier diagnosis and treatment processes. In conclusion, the Authors argue that a better characterization of the phenomenon, as well as of its extent, would be allowed by the availability of a centralized system for the data collection. Furthermore, better information and awareness on the issue may help developing a focused corrective approach to prevent indoor pet poisoning in Europe.
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INTRODUCTION

Poisoning incidents in companion animals related to indoor plant exposures are far from uncommon in Europe (1–5) (Table 1). Data from the European literature show that 5–6% (2, 3) to 11% (9) of the enquiries on pet poisoning received by poison centers are related to plants. These episodes involve both mature and younger animals which may be led to the ingestion of plant parts by boredom, behavioral alterations, or curiosity (5), and are becoming increasingly frequent nowadays since pets are more often allowed and kept indoor, sharing the domestic environment with their owner. This new habit has strongly influenced the type of poisonings registered in companion animals, leading to the emergence of new trends related to the increased risk of exposure to indoor poisoning agents (24).


Table 1. Toxic plants responsible for indoor poisoning of companion animals in Europe.
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Many house plants grown in Europe contain substances that are able, under certain conditions (i.e., quantities and parts of the plant ingested, vegetative stage of the plant, etc.), to induce toxic effects in companion animals (5) but plant poisoning is likely to be underdiagnosed and to pass unnoticed because of the non-specific clinical signs, of the difficulties for the owner to spot the animal ingesting the plant and of the general unfamiliarity with toxic plants of both owners and veterinarians. In this context, a systematic collection and analysis of the most common and emerging plants accountable for companion animal poisoning would be helpful to comprehend the factors influencing this phenomenon in order to put in place appropriate preventive measures (i.e., implementing campaigns to inform pet owners on potentially toxic plants) but also to help veterinarians in diagnosis and treatment processes. It should be noticed that, due to the absence of an European centralized veterinary poison center, the literature on this topic is still scarce and data frequently rely on single and uncoordinated reports. This can be a limit for this work, because of the objective difficulties faced in finding data on the phenomenon, but also its strength since, due to the lack of information available, a review on the topic may be even more needed and beneficial.

So, in this paper we will present an overview on the major and emerging plant species accountable for companion animal poisoning episodes in Europe.



ANTHURIUM SPP.

Anthurium, also known as flamingo plant, is a tropical American plant belonging to the Araceae family characterized by waxy looking decorative dark green leaves and grown as houseplants. The inflorescence is a spadix made up of small flowers disposed into a spiral and beneath the spadix develops a spathe generally lance-shaped. The fruits are berries of various colors. All parts of Anthurium contain insoluble calcium oxalates (25) that can cause oral irritation and edema, sialorrhea, vomiting, and dysphagia, if ingested (5).

In France, in 2003 the Center National d'Informations Toxicologiques Vétérinaires of the College of Veterinary Medicine in Lyon (CNITV) received 72 enquiries on Araceae, of which around 15% were related to Anthurium (1). Cases of flamingo plant poisoning concerning cats were also reported by the Poison Control Center of Milan (CAV) (3, 6).



AUCUBA JAPONICA

Aucuba japonica (Cornaceae family), commonly called spotted laurel or Japanese laurel, is an evergreen ornamental shrub native to Japan, China, and Himalayas. It is characterized by glossy, thick green leaves with different degrees of spotted variegation and purple small flowers with white anthers, grouped in clusters. The fruits are little (around 1 cm of diameter) globose red drupes. This plant contains the iridoid glycoside aucubin which can exert irritant effects causing, in case of ingestion of stems and leaves by pets, mild diarrhea, and vomiting (26, 27). Besides its irritant actions, aucubin possesses many pharmacological activities: indeed many studies have pointed out that this compound may exhibit antioxidant, anti-inflammatory, anti-fibrotic, anti-cancer, hepatoprotective, neuroprotective, and osteoprotective actions (28).

A case of Aucuba japonica concerning a dog was reported by the Italian CAV (3).



CYCAS REVOLUTA

Cycas revoluta, also known as sago palm or king sago, is a common ornamental evergreen palm-like plant that is native to Asia (China and Japan). Before being grown for ornamental reasons, this plant was used, and still is, as a source of food starch in underdeveloped countries (29). Sago palm shows separate male (which produce ellipsoid pollen cones) and female plants: female plants are able to generate seeds (characterized by a bright red color) only if there is a male plant in proximity. Nevertheless, these plants rarely bloom when grown indoor (30). Various toxins are responsible for poisoning episodes observed in animals as well as in humans (31): the azoglycosides macrozamin, neocycasin, and cycasin, the latter of which is converted by β-glucosidase to methylazoxymethanol (a teratogenic hepatotoxic and carcinogenic compound), the neurotoxic amino-acid beta-N-methylamino-L-alanine and an unidentified compound characterized by a high molecular weight (32–34). These toxins can be isolated in all parts of the plant, even if the highest concentrations are detected in seeds (33) and the ingestion of just one or two of them may be potentially fatal to a dog (35). The onset of clinical signs, mainly gastrointestinal (diarrhea, sometimes with blood, or constipation) and neurological signs, generally occurs few hours after ingestion; liver damage has also been reported, with hepatic enzyme alterations, hypoproteinemia, hypoglycemia, and thrombocytopenia (33). Moreover, cycad poisoning is generally associated with a high mortality rate (around 30%) (33, 36) and dog seems the most susceptible species (3, 36, 37).

In Europe, poisoning episodes have been reported in Italy (3, 7) and Sweden. In 2008 the Swedish Poisons Information Center received 3 enquiries on Cycas revoluta poisonings, all concerning dogs. Two animals were reported to show the typical gastrointestinal symptoms whereas the third case involved a 9-year-old dog that after the ingestion of Cycas roots displayed gastrointestinal symptoms together with severe disseminated intravascular coagulation (DIC) and had to be euthanized (8).



CYCLAMEN SPP.

Cyclamen (Primulaceae family) is a genus grouping more than 20 species of wild and cultivated flowering perennial plants. Cyclamen persicum, the most famous species, is a common indoor plant cultivated for its charming white to red solitary flowers that grown on stalks. After blooming, a capsular fruit develops. The leaves are long-stalked and kidney or round shaped. This genus is characterized by the presence of toxic terpenoid saponins, i.e., saxifragifolin B and cyclamin (38) which are present in all parts of the plants, but especially tubers and roots. Cyclamen stems have been used in the indigenous medicine for their sedative, anthelmintic, laxative, and abortive actions (39) and different studies have shown that extracts of Cyclamen stems exhibit a large variety of biological activities (i.e., cytotoxicity, antimicrobial, and spermicidal properties) (38, 40, 41). The ingestion of this plant is followed by the onset of sialorrhea and gastrointestinal symptoms and, if large quantities of tubers are consumed, heart rhythm abnormalities, seizures, and death can also occur (42). In Italy, a case concerning a dog poisoning episode has been reported by CAV (3).



DIEFFENBACHIA SPP.

Dieffenbachia (dumbcane, Araceae family) includes around 30 species of tropical evergreen shrub. Some of them are characterized by large, variegated leaves, sometimes with yellowish marks on them, and are commonly grown indoor. The flowers born on long spadix, and the fruits are red or orange berries. The ingestion of stems or leaves cause the rapid development of sialorrhea and dysphagia due to the presence of insoluble calcium oxalates and a trypsin-like protease (43) which determine lip, tongue, palate, pharynx, and esophagus inflammation. Moreover, the swelling of the mucous membranes can lead to obstruction and respiratory impairment which may be fatal in severe cases (37, 44). Vomiting, diarrhea, keratoconjunctivitis, corneal ulceration, and eyelids edema are also observed (5). Indeed Dieffenbachia spp. (and other plants containing calcium oxalates) are characterized by the presence of cells called idioblasts that contain raphides (spicules of sharp shaped calcium oxalate crystals) stored in a gelatinous matrix formed by free oxalis acid. The lysis of the idioblasts (which occurs for example when the plant is chewed by an animal) lead to the swelling of the gelatinous material and that generates forces that causes the raphides to shoot out of the cells (process that continues for a large amount of time, even in the esophagus and in the stomach of the animal) with a great amount of energy, thus inducing a significant mechanical damage to the animal mucosa. Moreover, the presence of proteolytic enzymes induces the releases of histamine and proinflammatory cytokines which contribute to determine the tissue irritation and damage (45). The irritant properties of the oxalates, but also the induction of histamine release, seem to be the two mechanisms involved in Dieffenbachia intoxication. All domestic animals can be affected, but cats are particularly sensitive to this phytotoxins (5).

In France, in 2003 the CNITV received 72 enquiries on Araceae, and ~30% of these were related to Dieffenbachia (1), whereas a survey on the activity of CNITV by Keck et al. indicated this plant as a frequent culprit of small animal poisoning (9). Cases have been also reported in Italy to the CAV (10, 13). Some enquiries regarding the ingestion of these plants by companion animals (mainly dogs) have also been received by the Veterinary Poisons Information Service (VPIS) of London which reported for these episodes just mild to moderate clinical signs (11).



DRACAENA MARGINATA

The red-marginated dracaena, also called Madagascar dragon tree or cornstalk plant, is an ornamental plant from Madagascar characterized by clusters of twisted stems at the top of which develop rosettes of long, leathery green leaves with narrow reddish edges. Flowers are small and white, and the fruits are spherical yellow or orange berries, but they both only occasionally appear on indoor kept plants. The ingestion of any part of this plant may cause hypersalivation, gastrointestinal signs (mainly vomiting), weakness, incoordination, and mydriasis (the latter symptom has been described only in cats) due to the presence of steroidal saponins and glycosides (46, 47). In particular, 9 steroidal saponins (six of which identified as three pairs of 22-hydroxy furostanol saponins and their 22-methoxy derivatives) including 2 new minor compounds have been isolated from D. marginata (48). The exact toxicity mechanism of these compounds has not been fully understood yet, but is thought to be related to the irritant effects exerted on the gastrointestinal mucosa (27).

In France, around 3% of the calls on plants (n = 858) received by the CNITV in 2003 concerned Dracaena (1). Dog poisoning episodes due to this plant were also recorded in Switzerland (12). In Italy, the CAV recorded 3 enquiries on Dracaena poisoning episodes involving a cat, a dog and a rabbit, the latter with a fatal outcome (3).



EUPHORBIA PULCHERRIMA

Euphorbia pulcherrima (Euphorbiaceae family) also known as poinsettia, is an ornamental plant native to Mexico and Guatemala, frequently used as a Christmas decoration due to its distinctive cream, pink, striped, or red leafy bracts, depending on the variety. These leaflike bracts (commonly mistaken for petals) are arranged around a central cluster of small yellowish flowers. This plant has a milky latex which is a strong irritant (37). The agents responsible for the harmful detergent-like effects, diterpenoid euphorbol esters, and steroids, act on the mucous membranes, gastrointestinal tract, and even on the skin (32, 37, 49), where they cause local irritation inducing vesicular dermatitis, conjunctivitis, stomatitis, vomiting, and diarrhea (5).

Even if this plant is considered of low toxicity (14) and deaths resulting from its ingestion have never been reported in small animals (49), poinsettia has a high potential as an agent of plant poisoning in Europe, due to its diffusion and attractiveness (5). Calls due to the ingestion of poinsettia by cats and dogs are received every year (mainly during the winter season) by the Veterinary Poisons Information Service (VPIS), but generally just mild gastrointestinal effects are reported, even if a case of a Burmese kitten who ingested a large leaf and developed severe oral and esophageal irritation has been described (14). In Italy, Euphorbia pulcherrima is a very common indoor ornamental plant that has been frequently found responsible for pet poisoning (7, 13). Amorena et al. described poinsettia as the most involved household plant in poisoning episodes in dogs (15) and another Italian study indicated this plant as one of the most frequently responsible for cat poisonings (16). Moreover, the CAV (3) received several enquiries during a 12-year period on cases of Euphorbia pulcherrima poisoning in companion animals (4 dogs and 8 cats) with hypersalivation, vomiting, diarrhea, and swelling being the most often reported symptoms. In France, around 5% of the enquiries on plants (n = 858) received in 2003 by the CNITV were related to Euphorbiaceae (1). In Switzerland, one poisoning case involving a dog has been reported (17) and, according to the data collected by five German poison center from 2012 to 2014 (21), Euphorbia was among the top five plants responsible for domestic animal exposures (n = 54).



FICUS BENJAMINA

Ficus benjamina (Moraceae family), also known as weeping fig or Indian rubber plant, is native to India and Australia. It is a very common evergreen houseplant characterized by a brownish trunk (sometimes braided for ornamental reasons) surrounded by dense foliage. The leaves are glossy and elliptic, and the stems have milky sap. Weeping fig usually does not bloom or fruit indoors. Ficus benjamina possesses renowned medicinal activities which have been exploited by indigenous civilizations to treat several disorders (50). Indeed the leaves, cortex, and fruits contain many bioactive substances (i.e., cinnamic and caffeic acids, naringenin, quercetin, and stigmasterol) (50) but toxic compounds, namely ficin (a proteolytic enzyme), furocoumarins, and ficusin (a psoralen) (51, 52) have also been identified. These toxins, which have shown to possess many biological properties (i.e., cytotoxicity, antiviral, and antibacterial activities, etc.) (53–55), are thought to be responsible for the gastrointestinal and dermal irritation which can be observed after the exposure to this plant (52).

In France (1), this species has been described as the most frequently implicated in plant poisoning episodes, accounting for 43 calls (5% of the enquiries concerning plants) received by the CNITV, while Keck et al. in their survey on the activity of the center, reported Ficus among the often ingested plants by small animals (9). In Italy, Giuliano Albo, and Nebbia indicated Ficus spp. as one of the major culprit of cat poisoning episodes, among other plants (16), and the Veterinary Toxicological Assistance Service (SATV) described Ficus spp. as one of the major causes of cat poisoning episodes (56). Ficus benjamina has also been reported as a cause of plant poisoning in dogs by the CAV (10). In particular, two Italian surveys by CAV recorded cases of dog poisoning due to this plant (2, 3).



LILIUM SPP.

Lilies are herbaceous perennial plants belonging to the Lilium genus, which include 80–100 species native to temperate areas of the boreal hemisphere. They are characterized by leafy stems, long leaves, and solitary or clustered flowers made of six petallike segments, which may form elongate tube-like or globular shapes with a large variety of colors. The fruits are three celled capsules. Tiger lily (Lilium tigrinum) and other Lilium species (i.e., L. longiflorum, L. speciosum, L. auratum, etc.) are popular ornamental plants characterized by tubular flowers with projecting stamens, that can be found in gardens as well as in houses as potted plants or floral decorations. These plants are known to be nephrotoxic to cats, leading to acute renal failure due to tubular necrosis within 12–72 h after ingestion, while the onset of the initial symptoms (generally anorexia, lethargy, gastrointestinal signs, sialorrhea) can be observed 1–6 h after the exposure (57). The mechanism behind the renal tubular damage has not been fully understood yet, nevertheless, the induced nephrotoxic syndrome comprehends two phases: firstly a polyuric renal failure (12–24 h after ingestion) then, as a consequence, a severe dehydration occurs which lead to the onset of anuric renal failure (45). Several steroidal glycoalkaloids (SGA) and steroidal saponins have been found responsible for lily toxicity, and both leaves and flowers are toxic, but especially the latter (58); indeed the ingestion of 1 or 2 leaves or 1 flower has been reported to cause toxicosis (59). The mortality rate range between 5 and 100%, depending on the treatment (60). Cats are the only species known to develop renal failure after the ingestion of Lilium, dogs are not sensitive to these plants and just some cases with gastrointestinal signs have been reported, only after the ingestion of large quantities (32, 61). In France, in 2003 the CNITV received 133 enquiries related to Liliaceae, of which little <10% were due to Lilium exposure (1) and Fourez (18) reported a case of acute tubular necrosis and acidosis in a 7-month old domestic cat due to lily poisoning. In Italy, episodes of cat poisoning by L. tigrinum were recorded by the CAV (2, 3), and one case was reported to have a fatal outcome (10). Moreover, the CAV annual report for 2016 indicated Lilium as one of the most frequently involved plants in cases of animal poisoning (7). A lethal case of lily intoxication was also reported in an 8-month-old domestic cat in Hungary (19), one in Switzerland (12) and several poisoning episodes were recorded in UK (20).



NANDINA DOMESTICA

Nandina domestica (Berberidaceae family), also known as sacred bamboo or heavenly bamboo, is a perennial broadleaf evergreen shrub native to China, Japan, and India, which is grown for its beautiful foliage and its impressive fruit display. In spring, white, tiny flowers appear in terminal clusters and in fall spherical, two-seeded, little red berries develop, lasting until the following spring. The fruits are particularly reach in cyanogenic glycosides, even if these toxins can be found also in other plant parts (62). After ingestion, cyanogenic glycosides are transformed into hydrogen cyanide (HCN) causing vomiting, dyspnea, cherry-red mucous membranes, respiratory failure, and convulsions. Cyanide is a mitochondrial toxin that affects cellular respiration, inhibiting the cytochrome oxidase along with many other enzymes, perturbing vital intracellular processes (63). Other identified toxic compounds are protoberberine alkaloids whose toxic significance is unknown and the alkaloid berberine which possesses anticholinesterase activity (64, 65).

In Italy, one case of a dog poisoned by Nandina domestica after a single oral exposure has been reported to the CAV during a 2-year period (6).



RHODODENDRON SPP.

Rhodendron spp. (rhododendrons and azaleas, Ericaceae family) is a vast genus that includes over 850 species of plants (generally shrubs but also small trees) that are native to the north temperate zones of southeast Asia. They may be deciduous or evergreen plants, with spirally arranged leaves, and the most common species are characterized by clusters of large, colored flowers. The fruit is a dry capsule. This genus comprehends species that have been used in traditional medicine for the treatment of many diseases (i.e., inflammation, gastro-intestinal, and respiratory disorders, etc.) but some, due to their well know toxicity, have also been historically used as poisons (66). Many of these shrubs, that are now grown as ornamentals, can be found responsible for intoxication episodes in pets, showing similar clinical effects in all the domestic species (37). The compounds involved in Rhododendron toxicity are the grayanotoxin glycosides, that are present in all parts of the plant, including nectar (35). Eighteen grayanotoxins have been isolated and identified from plants belonging to the Ericaceae family but the main toxin in Rhododendron spp. is grayanotoxin I, which is also known as rhodotoxin, acetylandromedol, or andromedotoxin (22). These compounds act on the sodium channels of the cellular membranes, affecting both smooth, and striated muscles along with other excitable cells, leading to gastrointestinal, neurologic, and cardiovascular dysfunction. The poisoning symptoms are due to the continuous activation of sodium ion channels (thus the cells are continuously maintained in a state of depolarization and excitation, preventing the inactivation) that causes an increased vagal tone (67) with vomiting, diarrhea or constipation, dyspnea, cardiac alterations (tachycardia or bradycardia, arrhythmia, hypotension, and collapse), paralysis, and convulsions (5, 35, 68). The perturbation of the sodium channel function, which lead to intense calcium influx into the cells, cause a positive inotropic effect similar to that exerted by digitalis at low dosages, but the altered cardiac conductivity is also responsible for dysrhythmias and heart block (69).

In France, around 2% of the enquiries on plants (n = 858) received by the CNITV in 2003 regarded the Ericaceae family (1). Episodes of intoxication by Rhododendron in dogs, cats, and rabbits have been reported in Italy to the CAV (2, 3, 10, 13) and the animals displayed vomiting and weakness (3). In Germany, according to the analyses performed on the enquiries received by five German poison centers from 2012 to 2014 (21), Rhododendron spp. were among the top five plants involved in pet exposures (n = 35). Enquiries concerning the exposure of dogs to Rhododendron have also been received by the Veterinary Poisons Information Service (VPIS) of London: all the animals were symptomatic, showing lethargy, lassitude, ataxia, yawning, and head rubbing. One dog also displayed difficulties in picking up food and gaseous gastric efflux (22). In UK, intoxications by Rhododendron spp. have also been reported in tortoises: two affected animals showed severe lethargy after 12–24 h of ingesting rhododendron flowers but in both cases the outcome was favorable (23).



SPATHIPHYLLUM SPP.

Spathiphyllum spp. or peace lilies belong to the Araceae family and are native to tropical rainforests of America and southeastern Asia. These are evergreen perennial plants with large glossy leaves and flowers (spadix) surrounded by white spathes that may cause, if ingested, oral irritation/burning, drooling, dysphagia, and vomiting, due to the presence of insoluble calcium oxalates (70). If a huge quantity of plant material is consumed, renal failure may also occur (57) but since Spathiphyllum induces stomatitis, the amount ingested is generally limited, so no renal signs are observed (71).

In France, the CNITV received in 2003 72 enquiries on Araceae, of which around 31% (the large majority, together with Dieffenbachia) concerned Spathiphyllum (1). Episodes of intoxication by Spathiphyllum in dogs, one rabbit and one iguana were also reported to the CAV (Italy) (2, 3).



ZANTEDESCHIA AETHIOPICA

Zantedeschia aethiopica or calla lily is a rhizomatous herbaceous perennial plant belonging to the Araceae family, which is native to Southern Africa. It is a very common cut flower and also a popular potted plant characterized by large arrow-shaped leaves and flowers consisting of a yellow spadix surrounded by a white spathe. The fruit are orange-yellow globular berries carried in enlarged clusters.

The stems and leaves of this plant contain insoluble calcium oxalates crystals (raphides) which, due to the sharp shape, possess strong irritant effects toward the mucous membranes of mouth, tongue, pharynx, and esophagus (5, 72). Moreover, proteolytic enzymes are liberated by the plant cells when damaged, causing the release of histamine, and other inflammatory mediators (32). Clinical signs generally appear within 2 h of the ingestion and include oral hyperemia and edema, hypersalivation, anorexia, depression. Gastrointestinal signs (vomiting, diarrhea, abdominal pain) may also be present, especially if large quantities have been ingested (73) and sometimes dermatitis can occur as a result of dermal exposure to the plant (5). All the species are susceptible, but the cat is particularly sensitive (5).

In Italy a case of dog poisoning by calla lily was reported to the CAV (3).



TREATMENT STRATEGY

Toxicity of the plants, besides being of course dependent on the species involved, is also influenced by many plant and environment related factors (5) such as the parts ingested, the vegetative stage, the environmental condition in which the plant is kept (i.e., watering, type of soil, temperature), etc. Indeed, these are all parameters that have a significant impact on toxin production and this aspect has to be considered when approaching a patient in order to correctly assess the severity of the intoxication and to set up a proper therapeutic strategy. In general, there are no specific therapies for plant intoxications, but knowing the species involved is very useful to emit a prognosis and to define how rapid has to be the medical intervention with decontamination and symptomatic/supportive care. Moreover, knowing the species implicated is advantageous because this information gives indication about the target organ of the toxin, helping to put in place a rapid and focused intervention. For example, according to Slater et al. in case of lily intoxication in cats, 87% of the animals that received prompt treatment (decontamination and intravenous fluid administration for kidney protection) did not developed renal signs or had just mild transient signs without consequences (60). Thus, immediate and aggressive veterinary care is crucial and make the difference in determining the survival rate and the quality and the rapidity of the recovery.



CONCLUSIONS

Plants are frequently reported to the European Poison Control Centers as agents of companion animal poisoning but, notwithstanding the extent of the problem, this phenomenon has not been fully characterized yet due to the lack of a centralized system (on an international or even national level, in most cases) for the data collection and analysis of pet poisoning episodes, but also because many cases go undetected due to the non-specific symptoms and to the frequent owners and veterinarians lack of knowledge on the taxonomic aspects and toxic substances of the most common ornamental plants grown inside homes. Because information and awareness on the issue are fragmentary and imperfect, a systematic analysis performed on an international level may provide a global insight on the topic, raising attention, and also helping to finalize the efforts toward the development of a focused corrective approach based on the identification and in-depth knowledge of the emerging and common houseplants responsible for indoor pet poisoning in Europe. Furthermore, it may provide meaningful input for the development of regulatory proposal aimed at improving the availability of animal poisons center services and establishing systems for the recording of poisoning data.
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