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Abstract: Background: Euphorbia huachahana (Klotzch & Garcke) Boissier (Huachangana) (EnKGBh)

check for has been used for over a century for medicinal purposes in the Peruvian population; however, its

updates safety and possible toxic effects of use have not been reported. The purpose of this study was to
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determine the acute hepatic and renal toxicity of ERKGBh in Holtzman rats. Methods: Analytical
and experimental study. The population consisted of 52 rats of both sexes weighing between 300 and
350 g divided into four groups: G1 and G2 EhKGBh groups (26 rats each) and two control groups
. (10 rats each). The experimental group was administered EnKGBh at a single dose of 2000 mg/kg P.O.
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to demonstrate toxicity during the 14-day follow-up. A daily assessment of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin (TBIL), and

conjugated bilirubin (CBIL) was performed. Results: Evaluation of the liver tissue showed mild
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changes in inflammation, predominantly vascular, with small clots. Kidney tissue did not show
inflammatory or necrotic changes. However, we showed differences in the weight of the rats between
both groups (p < 0.004) and significant increases in TBIL (0.98-1.07 mg/dL), CBIL (0.43-0.45 mg/dL),

AST (126.4-141.8 U/L), and ALP (254-298 U/L) but not ALT (39.7-41.1 U/L) (p < 0.05). Conclusion:
The single dose of EhRKGBh extract at 2000 mg/kg has no toxicity, and there is no change in tissue
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toxicity during the 14-day follow-up.
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Humans have been living with derivatives of plants, making them part of their needs,
using them in ancient rituals and cults, and dealing with disease empirically. As a result,
plants are no longer just part of the forest but become part of medicinal gardens and
orchards and gradually began to provide natural medicines to humans [1].

Despite the current technological revolution and advancements in the industry, the
World Health Organization (WHO) estimates that about 80% of the population in low-
and middle-income countries (LMICs) are almost entirely dependent on medicines for
Attribution (CC BY) license (https://  Primary health care needs. As a result, 67% of medicinal plants used globally come from
creativecommons.org/ licenses/by/ LMIC [2,3]. This practice is associated with empiricism in many cases, and there is a lack
40/). of chemical, clinical, and epidemiological studies that reliably confirm the physiological
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effects of the responsible active ingredients, since ~25% of existing drugs are obtained
from plant extracts, or it has been synthesized from substances found in phytochemical
research [4].

Poisoning by medicinal plants can occur due to the malpractice of an innocuous
substance of natural origin, as a consequence of the absorption of an excessive quantity
of a phytosanitary product in a short interval of time. The fact that herbal remedies are
natural products does not mean they are completely safe, as some plants can have as strong
an effect as some drugs and cause adverse events depending on the consumption of the
plant [5]. Currently, cases of intoxication by medicinal plants that can present an epidemic
or fatal character are rare [6]. However, natural products can occasionally cause problems,
because they are accidentally present in foods in higher-than-normal concentrations, or
toxic species can be confused with harmless species, such as some edible mushrooms, and
can even cause death [7]. In addition, very few cases are reported by the consumer group
due to ignorance and lack of identification of toxic effects produced by several medicinal
products marketed mainly in LMICs, without toxicity studies being conducted.

Euphorbia huanchahana (Klotzch & Garcke) Boissier (Huachangana) belongs to the
Euphorbiaceae family, one of the largest, most complex, and diverse plant families in the
world, with great potential for application, with more than 1100 species, native or natural-
ized [8]. Developing in different habitats, Peru has more than 323 species and 61 genera
of about 2000 and 7000 species [9]. From Euphorbia huanchahana (Klotzch & Garcke) Boissier
(Huachangana), food can be prepared, castor oil can be extracted, and its pharmacological
use is mainly as a purgative, hypoglycemic and antimicrobial. The indications for the con-
sumption of Euphorbia huanchahana (Klotzch & Garcke) Boissier (Huachangana) are in a single
dose as a purgative or, if necessary, in two doses. The most frequent route of consumption
is oral, and the preparation may include infusions taken on an empty stomach [10].

Previous investigations have identified possible toxic concentrations of Euphorbia
lateriflora (Schum and Thonn) [11] and Euphorbia heterophylla L. [12] in animal models, but
the toxic effects of Euphorbia huanchahana (Klotzch & Garcke) Boissier (Huachangana) have
not been elucidated. Although toxicity tests for various plants are available in a large
number of countries, there are no data on the potential toxicity of many medicinal species
in Peru [13]. In addition, since many populations consume the fresh tuber of Euphorbia
huanchahana without a specific measure of consumption per person, the effects derived
from the consumption of Euphorbia huanchahana are uncertain and potential threats.

Although the consumption of Euphorbia huanchahana (Klotzch & Garcke) Boissier
(Huachangana) is not exclusive to certain Peruvian regions, rural or peri-urban popula-
tions with limited economic resources use this plant as a treatment for constipation without
a medical prescription, with doses little, exact, and standardized, and without assessing
the possible adverse effects that its use and abuse can cause in the short and long term [14].
Hence, here we determine the acute hepatic and renal toxicity of Euphorbia huanchahana
(Klotzch & Garcke) Boissier (Huachangana) in Holtzman rats.

2. Materials and Methods
2.1. Study Design and Animal for Experimentation

We designed an experimental study in a total of 52 rats (28 females) strain Balb/C53/
CNPB species “Holtzman” of both sexes acquired from the National Institute of Health
of Peru. The rats weighed between 177 and 280 g and were stored for 50 days in the
Norbert Wiener University animal facility during the entire experiment at room temperature
(~22 °C £ 3) with 12 h of light and 12 h of darkness and a relative humidity of 65%. They
had access to water and food ad libitum (all day).

2.2. Obtaining the Ethanolic Extract, Solubility Test and Phytochemical Analysis

Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana) was obtained directly
from the community of Vichavichay-Castrovirreyna Town in the Municipality of Huan-
cavelica (about 3706 m above sea level) in Southern Peru. Botanical identification was
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performed at the Universidad Nacional Mayor de San Marcos” Museum of Natural History
prior to the trial, and voucher specimens were preserved. Initially, we obtained the ethano-
lic extract by maceration following a previous protocol [15]. Four kilograms of the tuber
were included, which were macerated with ethanol 70° per 7 days in the dark at room
temperature. The supernatant evaporated at 40 °C (104°F), and the final sample was 320 g.

To describe the qualitative processes of dissolution with solvents of increasing polarity,
the solubility test was carried out following a previous protocol [16]. We used distilled
water, ethanol, methanol, n-butanol, chloroform, acetone, ethyl acetate, n-hexane, ether,
and benzene (Figure Al).

The qualitative phytochemical profile to identify metabolites was carried out with the
fractionation method in terms of the relationship between the chemical composition of the
plant and the pharmacological effect described in the preclinical models carried out [17,18].
A weight of 1 g of Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana) sample
was dissolved in 20 mL of ethanol, and add 1 mL of each reagent described in Figure A2 to
this mixture for the identification of the primary and secondary metabolites.

2.3. Toxicologic Assay

The toxicity bioassays were focused on the analysis of hepatic and renal alteration in
Holtzman rats. These tests were carried out following the limit test of the Environmental
Protection Agency (EPA) 870.1100, the procedures and international recommendations
established in the Manual of Techniques and Methods of Research in Human Nutrition,
Ethical Standards of the European Union for Animal Experimentation, Guide for the Care
and Use of Laboratory Animals, and the Guideline for the Testing of Chemical Products
OECD/OECD 423 classification method for acute toxicity oral toxicity [19-21].

The rats were weighed and housed in their respective cages, according to the cor-
responding group. The food intake used was standard rat chow (barley), and the drink
provided was the liquid water ad libitum. At the time of the toxicity bioassay, the average
body weight of the rats was 225 g £ 2.66 g (female rats) and 276 g £ 2.94 g (male rats).
Fifty-two Holtzman rats were divided into 4 groups according to gender: G1 (16 females),
G2 (16 males), G3 (10 control females), and G4 (10 control males) during the acclimation
period of 7 days. The protocol is outlined in Figure 1.

We prepared 8314 g of dry extract of Euphorbia huanchahana (Klotzsch & Garcke) Boissier
(huachangana) following a previous protocol [22]. We administered between 2.76 and
3.12mL/kg/p.o./q.d. to each rat of the experimental group (G1 and G2), with a total of
2000 mg/kg of Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana) [23]. Fol-
lowing a single dose, the animals were observed for an additional 14 days to detect clinical
signs of toxicity. Weight control was performed on days 1, 7, and 14. The observations of
the experimental animals were after administering the dose and, according to the body
weight of the rats, the amount of extract (ml) that was administered to determine the lethal
dose (LD50), as well as the appearance of the signs related to the general condition of
rats using the following parameters (appearance of hairs, lacrimation, apnea, dyspnea,
salivation, tremor, drowsiness, lethargy, nasal noise, epistaxis and seizures, ataxia, diarrhea,
and dehydration) [24]. The LD50 was estimated by administering the extract solution
intraperitoneally at doses of 55, 155, 475, 950, 1500, 2000, 2750, 3200, 4500, 5700, and
6250 mg/kg. Adverse behavioral effects were observed at high doses, so the LD50 for
Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana) was determined to be
2000.12 + 140.2 mg/kg.

2.4. Hepatic Biomarkers and Histopathological Analysis

After the observation period, the blood sampling and organs extraction was carried
out in the Pharmacology Laboratory of the Universidad Nacional Mayor de San Mar-
cos. The liver biochemical profile that includes alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), glutamyl transpeptidase (GGT), to-
tal bilirubin (TBIL), unconjugated bilirubin (UBIL), conjugated bilirubin (CBIL), albumin
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(ALB), total proteins (TP), and globulins (GLB) was assessed following a protocol previously
developed in Peru [25,26]. For all assays, we used reagents and equipment (Autoanalyzer
BA400) from Biosystems (Biosystems S.A., Barcelona, Spain).

Obtaining biological
material — 52 Holtzman
rats (28 female)

Random selection to
form four groups

EhKGBh Group Control Group

(Q (n=32) (Q. (n=20)

G1 Female G2 Male rats G3 Female G4 Male rats
rats (n=16) (n=16) rats (n=10) (n=10)

l I l |

[ [
Euphorbia huanchahana
(Klotzsch & Garcke) Boissier Administration of distilled water
(huachangana)at a single dose 1ml/100 g P.O.
of 2000 mg/kg

Toxicity assessment

|
Histopathological
evaluation

Figure 1. Study trial flowchart of the study. The rats were randomly assigned to each group according
to their sex. Experimental groups G1 and G2 were administered Euphorbia huanchahana (Klotzsch &
Garcke) Boissier (huachangana) (EnKGBh) at a single dose of 2000 mg/kg. Both groups had a follow-up
of 14 days.

Histopathological analysis of the liver and kidney of Holtzman rats was developed
based on the Cui protocol in 2010 [27]; for tissue processing (i.e., sampling, fixation, micro-
tomy, etc.); and Culling’s staining and montage techniques [28]. The indicators of toxicity
were edema, intracellular accumulations, vascular congestion, necrosis, and hemorrhages.
Histopathological studies were performed at the Central Clinical Pathology Laboratory of
the Arzobispo Loayza National Hospital.

2.5. Data Analysis

Data collection and analysis was performed in SPSS (Armonk, NY, USA) v24.0 for
Windows. Initially, descriptive statistics were performed with the estimation of frequencies
for the categorical variables, and the mean and standard deviation for the continuous
variables. In Vivo data were weight and physiological response to the administration of
Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana). Histological data were
collected after evaluation by three expert pathologists who agreed on inflammatory changes
in the liver and kidneys. In order to determine the significant difference of the variables in
groups and between groups (error), the measurement of the quantitative variable (weights
of male and female rats) parametric and nonparametric techniques were used. For the
comparison of the parameters between the control and experimental groups by sex, the
Mann-Whitney U test was used and, on the other hand, the comparisons of changes in
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the concentrations the of liver profile markers were made using the paired-Student’s ¢-test.
Significance thresholds were set for both cases at 5% (« = 0.05) and 95% confidence interval
(1 — x=0.95).

3. Results
3.1. Biochemical Assay
Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana) was soluble in polar

solvents such as alcohol, and a phytochemical analysis did not reveal concentrations of
steroids and/or triterpenes (negative Liebermann-Burchard test) (Figure 2).

Reagent Metabolites
Molish Sugars
Fehling Aand B Reducing sugars
Benedict Reducing sugars
Ninhydrin Free-amino group n-Butanol
Ferric trichloride 1% Phenolic compounds Chloroform
Gelatin 1% /NaOH 1% Tannins Acetone
Shinoda Flavonoids Ethyl acetate
Aluminum trichloride 1% |Flavonoids n-Hexane
Balchet Sesquiterpene lactones Ethyl ether
Liebermann- Bourchard  |Steroids and/or triterpenes Benzene
Borntranger Quinones Soluble/positive B
Dragendorff Alkaloids Insoluble/negative @

Figure 2. Results of the phytochemical and solubility analysis of Euphorbia huanchahana (Klotzsch
& Garcke) Boissier (huachangana). The solubility and positivity results are shown in red boxes and
negative results in green.

3.2. Changes and Liver and Renal Markers

Tables 1 and 2 show a comparison of the liver parameters in male and female rats
treated with Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana). In male rats,
the mean concentration of TBIL was 1.07 £ 0.21 mg/dL, DBIL was 0.45 + 0.07 mg/dL,
UBIL was 0.62 &+ 0.18 mg/dL, AST was 141.8 £ 34.57 U/L, ALT was 41.16 = 5.69 U/L,
ALP was 298 & 85.29 U/L, TP was 5.58 & 0.57 mg/dL, ALB was 3.59 £ 0.31 mg/dL, GLB
was 1.94 £ 0.51 mg/dL, and GGT was of 25.44 &+ 9.04 mg/dL. We found differences in
the increased concentration of TBIL (p = 0.022), DBIL (p = 0.021), AST (p = 0.023), ALP
(p =0.023), and TP (p = 0.021) in male rats treated with Euphorbia huanchahana (Klotzsch &
Garcke) Boissier (huachangana) versus the controls (Table 1).

In female rats, the mean concentration of TBIL was 0.98 &+ 0.16 mg/dL, DBIL was
0.43 £ 0.10 mg/dL, UBIL was 0.60 & 0.12 mg/dL, AST was 126.43 £ 25.53 U/L, ALT was
39.79 £ 598 U/L, ALP was 254.75 £ 108.53 U/L, TP was 5.42 + 0.41 mg/dL, ALB was
3.58 £ 0.25 mg/dL, GLB was 1.81 &+ 0.35 mg/dL, and GGT was 25.06 & 6.82 mg/dL. We
found differences in the concentrations of TBIL (p = 0.020), DBIL (p = 0.023), AST (p = 0.023),
ALP (p =0.023), TP (p = 0.023), ALB (p = 0.018), GLB (p = 0.031), and GGT (p = 0.033) in
female rats treated with Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana)
versus the controls (Table 2).

During the 14-day follow-up period, half of the experimental group had slight changes
in liver markers compared to the control group, while 8/10 of the female rats had changes
in liver markers (p < 0.05). We found significant differences in the concentrations of liver
markers between the genders of Holtzman rats (p = 0.034).

The results of normal or altered levels of liver markers are shown in Figure 3.
Eighty eight percent and one hundred percent of Holtzman rats treated with the ethanolic
extract of Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana) had high values of
TBIL and CBIL, respectively. In addition, transaminase values were higher in all Holtzman
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rats in the experimental group, and 63% of the rats had higher ALP concentrations. For TP,
ALB, and GLB, we found a reduction of 75%, 13%, and 88% in the concentration, respectively.

Table 1. Concentration of liver markers between male rats from the control and experimental groups
treated with Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana) (grupo EhKGBh).

Sex Hepatic Marker Groups Mean SD u p-Value
TBIL (mg,/dL) gﬁﬁg‘]ﬁh (1):85; 812{ 0.00 0.022
ey GO S oy om
UBIL (mg/dL) gﬁlﬁté(]’;h g:g 82% 7.00 0.199
ALP (U/L) EhKGBh 298.00 gso9 000 0.023
w2 2w om
I S S -
GLB (mg/dL) gﬁlﬁg’;h i’:g}l g:g} 3.00 0.063
oregay SoEE R

Abbreviations: SD: Standard deviation, U: Mann-Whitney U, ALT: Alanine aminotransferase, AST: Aspartate
aminotransferase, ALP: alkaline phosphatase, GGT: glutamyl transpeptidase, TBIL: total bilirubin, UBIL: unconju-
gated bilirubin, CBIL: conjugated bilirubin, ALB: albumin, TP: total proteins, and GLB: globulins.

Table 2. Concentrations of liver markers between female rats from the control and experimental
groups treated with Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana) (grupo EnKGBh).

Sex Hepatic Marker Groups Mean SD u p-Value
TBIL (mg/dL) gﬁﬁg‘;h 8:3; 8:(1)2 0.00 0.020
CBIL (mg/dL) gﬁﬁg’;h gég 8:(1); 0.00 0.023
UBIL (mg/dL) gﬁﬁg‘gh gég 8:12 3.00 0.062
. ALT (U/L) Eﬁ{%h %Eg E%E 1300 0.667
ALP (U/L) EhKGBh 25475 10853 000 0.023
megay Som 88O
GLB (mg/dL) gﬁﬁg‘]’;h i:g? 8:2; 1.00 0.031
crmay S B o

Abbreviations: SD: Standard deviation, U: Mann-Whitney U, ALT: Alanine aminotransferase, AST: Aspartate
aminotransferase, ALP: alkaline phosphatase, GGT: glutamyl transpeptidase, TBIL: total bilirubin, UBIL: unconju-
gated bilirubin, CBIL: conjugated bilirubin, ALB: albumin, TP: total proteins, and GLB: globulins.
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ALP
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Figure 3. Normal (N), high (H), and decreased (L) levels of liver markers in Holtzman rats treated
with Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana). The concentration distribution
between the control group (light blue bars) and the experimental group (EhKGBh group—red bars) is
shown in percentages (%). For each liver marker, the H, N, and L results are described.

The creatinine and urea concentrations were 0.7 £ 0.3 mg/dL and 23 &+ 8.2 mg/dL,
respectively. These values did not show a significant change between genders (p = 0.112)
and were not different from the control group (p = 0.087).

3.3. Tracking the Weight Variation

The average body weight of male rats treated with Euphorbia huanchahana (Klotzsch &
Garcke) Boissier (huachangana) was 254.25 £ 32.09 g on day 1, 267.56 & 32.05 g on day 7, and
256.25 £ 31.70 g on day 14. The average body weight of female rats treated with Euphorbia
huanchahana (Klotzsch & Garcke) Boissier (huachangana) was 221.56 + 9.92 g, 235.06 & 10.39 g,
and 232.81 + 11.54 g on days 1, 7, and 14, respectively (Table 3).

Table 3. Baseline characteristics of the body weights in rats treated with Euphorbia huanchahana
(Klotzsch & Garcke) Boissier (huachangana) (EnKGBh group) compared to the control.

Sex Parameter Groups Mean SD u p-Value
Weight day one (gr) g}?ﬁg(gh igzgg 32(7); 14.00 0.779
Male Weight day seven (gr) gﬁﬁz%lh ;Zggg 35(1)2 16.00 1
Weight day fourteen (g) ](Ej}(:Ir;g(l);h igggg 3}% 13.50 0.724
Weight day one (gr) g}?ﬁg%lh igigg ;;g 4.00 0.091
e Wy S M0 L
Weight day fourteen (g) ](gj}?lr;té(])?,lh iggg(l) 141]:;51 9.50 0.354

As shown in Table 3, the body weights of male and female rats were monitored three
times, and no significant difference was found between the males and females (p > 0.05).
However, when we compared the overall body weights of the control and experimental
groups, we found a difference between the days on which the body weights were assessed
(p < 0.004). (Figure 4). We found a difference between the first and seventh days after
Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana) administration (p = 0.021)
but not on the fourteenth day (p > 0.05).
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Figure 4. Differences in weights between the control group and the group treated with Euphorbia
huanchahana (Klotzsch & Garcke) Boissier (huachangana) (EhRKGBh). ** p < 0.004.

3.4. Tissue Toxicity

A histopathological analysis did not show major changes in the tissue structures of the
liver and kidney of Holtzman rats treated with Euphorbia huanchahana (Klotzsch & Garcke)
Boissier (huachangana). Figure 5 shows the tissue results for the control and experimental
groups. The liver was evaluated at a dose of 2000 mg/kg, and mild inflammatory changes
have been shown that mainly involved vascular alterations with small clots. We observed
the preservation of the central lobular vein with empty spaces and free well-marked
hepatocytes, central lobular space with compact peripheral central tissues, and empty
spaces with the presence of fatty tissue. No inflammatory or necrotic alterations were
found in the renal tissue.

Figure 5. Histopathological findings of the livers (A,B) and kidneys (C,D) of Holtzman rats.
(A) Sample of the experimental group treated with Euphorbia huanchahana (Klotzsch & Garcke) Boissier
(huachangana), where an artery occluded by thrombosis, central lobular vein with congestive channels,
and Kupffer’s capsules preserved without hemorrhage were found (100x); (B) Control sample with
Kupffer cells, central biliary vein, preserved central lobular vein, clean, clear without edema (100x).
(C) Kidney sample from the experimental group treated with Euphorbia huanchahana (Klotzsch &
Garcke) Boissier (huachangana) without inflammatory or congestive changes (100x). (D) Control group
sample of the kidneys showing preserved cellular architecture (100 x).
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4. Discussion

We report increases in liver marker concentrations and changes in body weight in
a group of Holtzman rats treated with the extract during a 14-day follow-up period.
This preclinical study determined that the extract of Euphorbia huanchahana (Klot-zch &
Garcke) Boissier (Huachangana) did not produce acute hepatorenal toxicity at a single dose of
2000 mg/kg.

Currently, the growing interest in medicinal plants has resulted in an unexpected
boom in ethnobotany, phytotherapy, and phytochemistry in both complementary medicine
practice and academia [29]. Medicinal plants have been used for food or healing purposes,
which has increased the number of consumers and, therefore, adverse reactions and in-
teractions with their consumption [30]. In Peru, Euphorbia huanchahana (Klotzch & Garcke)
Boissier (Huachangana) has been used for over 100 years as an effective laxative but has some
adverse effects such as abdominal pain and intestinal contractions [31]. Given its empirical
use, mainly in rural communities, its anthelmintic and antimicrobial properties have also
been evaluated, with moderate community importance [32]. Despite its historical use, and
as phylogenetic studies have recently described a subgenus of Euphorbia, toxicity testing
is on the rise and has shown little or no toxicity capability at controlled doses [1]. In this
study, post-mortem results indicate slight changes corresponding to the metabolic state of
active ingredient processing. These include bile duct tamponade, peripheral hemorrhagic
space, and damage to the centrilobular space.

These histopathological findings are not major pathological changes that have caused
liver and kidney damage. Hence, the ethanolic extract of Euphorbia huanchahana (Klotzsch
& Garcke) Boissier (huachangana) as a single dose of 2000 mg/kg did not cause lesions
or cellular degeneration in the liver and kidney, which was consistent with previous
studies [33,34]. However, we report changes in the concentrations of the liver function
markers. We demonstrated higher mean concentrations of BILT (1.07 mg/dL vs. the control
0.68 mg/dL) and CBIL (0.38 vs. the control 0.17 mg/dL) in the experimental group. Other
parameters showed significant differences in AST, ALP, and TP in male Holtzman rats,
while, in female rats, we also saw significant increases in ALB, GLB, and GGT. These
changes indicate hepatic compromise during follow-up and may indicate an imbalance
in liver function linked to the administration of Euphorbia huanchahana (Klotzsch & Garcke)
Boissier (huachangana). Although these changes may indicate changes in the liver function,
tissue damage is not evident, and these changes may be related to acute inflammatory
processes, consistent with previous studies [9,11,33,35-37]. Further research is required to
understand whether these changes are related to inflammatory processes or whether there
is transient localized liver injury that is resolved during follow-up.

On the other hand, the ethanolic extract of Euphorbia huanchahana (Klotzsch & Garcke)
Boissier (huachangana) has polar phytochemicals, in agreement with previous studies [10,14].
Likewise, the analysis of the qualitative phytochemical profile of the extract showed the
presence of polar metabolites (i.e., carbohydrates, reducing sugars, free amino groups,
phenolic compounds, flavonoids, etc.), which is favored with the use of a solvent such as
ethanol. These findings are consistent with those reported by Lock [17], Nafiez et al., [14],
and Miranda [38]. Furthermore, the same composition has been demonstrated in other
species of the same genus of Euphorbia, as pointed out by Castillo et al. [39], Collave [40],
Olorunnisola et al. [11], and Carvajal et al. [41].

Limitations

The results of this study should be interpreted under the following limitations. First,
this preclinical study included 52 Holtzman rats with a follow-up of 14 days; however,
longer follow-ups (i.e., 3 to 4 weeks) must be carried out in order to know their toxic
effects (subchronic or chronic) in longer exposure times to Euphorbia huanchahana (Klotzsch
& Garcke) Boissier (huachangana). Second, a HPLC or GC/MS chromatographic analysis
for the extraction and characterization of phytochemicals was not performed in this study.
Third, although we performed hepatotoxicity testing, we did not assess the hematological
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effects related to the toxic effects or other organ toxicity. It is key to know the changes in
acute toxicity and macroscopic pathological injury in other organs.

5. Conclusions

In light of these findings, we can conclude that the extract of Euphorbia huan-chahana
(Klotzsch & Garcke) Boissier (huachangana) is not toxic in the single dose of 2000 mg/kg
investigated in this document and did not produce any toxic signs or symptoms with acute
oral toxicity. The Euphorbia huanchahana (Klotzsch & Garcke) Boissier (huachangana) extract did
not produce any notable histopathological signs of cell injury or cause any damage during
the 14-day follow-up in Holtzman rats. These preliminary results highlight a nontoxic
character and suggest a promising use of Euphorbia huanchahana (Klotzsch & Garcke) Boissier
(huachangana) in the pharmaceutical and therapeutic fields. However, further research
is needed to determine the toxic effects of long-term use, as well as the toxic effects in
pregnant animals, animal fetuses, and effects on reproductive performance to complete the
safety profile of this Euphorbia subspecies.
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Appendix A

Collection of the tuber Euphorbia
huanchahana (Klotzsch & Garcke)
Boissier (huachangana)
I
Exclusion Selections and Botanical
criteria classification taxonomy
Washing/drying/
weight

Shredded

Filtration

Obtaining the
extract

Storage

Obtaining biological
material - Holtzman |—
rats

Acute toxicity evaluation
in Holtzman rats

Figure A1. Flowchart for obtaining the ethanolic extract of Euphorbia huanchahana (Klotzsch & Garcke)

Phytochemical
qualitative profile

Boissier (huachangana).
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Phytochemical
qualitative profile

Ethanolic extract

of Euphorbia
huanchahana ~
(Klotzsch & Solvent
Garcke) Boissier Distilled water
(huachangana) Ethanol
methanol
n-Butanol
I Chloroform
- " Phytochemical || (Acetone
Solubiity profie qual?{[tative profile Ethyl acetate
n-Hexane
Ethyl ether
Benzene
Metabolites Reagent
Sugars Molish
Reducing sugars FehlingAand B
Reducing sugars Benedict
Free-amino group Ninhydrin
Phenolic compounds Ferric frichloride 1%
Identification of Tannins Gelatin 1% /NaOH 1%
metabolites | |Flavonoids Shineda
Flavonoids Aluminum trichloride 1%
Sesquiterpene lactones Balchet
Steroids and/or triterpeneg | Liebermann- Bourchard
Quinones Borntranger
Alkaloids Dragendorff

Figure A2. Analysis of the qualitative phytochemical profile of the ethanolic extract of Euphorbia
huanchahana (Klotzsch & Garcke) Boissier (huachangana).
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