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A B S T R A C T

Tulbaghia violacea Harv. (wild garlic) has been used in traditional medicine in Southern Africa for the treat-
ment of various ailments. However, there is contradictory evidence regarding the safety and toxicity of the
plant. This study investigated the effects of crude water and ethanol extracts from T. violacea on the prolifera-
tion of a macrophage cell line in vitro. Water and ethanol extracts were prepared from the leaves, stems and
roots of T. violacea. A 23 factorial design was used to investigate the effects of the crude extracts on the prolif-
eration of a macrophage cell line. The factorial design consisted of three independent variables (concentra-
tion of the crude extract, duration of stimulation with the crude extract and nature of the solvent used to
prepare the crude extract) at either a high or a low level. The proliferation of the macrophages was deter-
mined using the MTT assay as well as microscopy. The results showed that crude ethanol extracts signifi-
cantly (p < 0.001) inhibited the proliferation of the macrophages in comparison to the crude water extracts.
Only high concentrations of the crude water extracts produced a significant (p < 0.001) reduction in prolifer-
ation of the macrophages. The crude water extracts from the leaves were significantly (p < 0.001) less cyto-
toxic whereas those prepared from the stem where highly cytotoxic. Preparation and usage of herbal
remedies from T. violacea should be done with caution and must consider the concentration, nature of
extract, as well as part of the plant used.

© 2019 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The genus Tulbaghia (family Alliaceae) consists of about thirty
species of rhizomatous plants which are distributed within Sub-
Saharan Africa (Benham, 1993; Kubec et al., 2002; Vosa, 1975). Of the
species, T. violacea is the most popular, widely utilised and the most
investigated in the genus (Aremu and Van Staden, 2013). The com-
mon English name for T. violacea is “wild garlic or society garlic” but
it is also known by several indigenous names including Wilde knoffel
(Afrikaans), Icinsini (Zulu), Itswele lomlambo (Xhosa) and Mothebe
(Sotho) (Dyson, 1998; Hutchings et al., 1996; Van Wyk and Gericke,
2000; Van Wyk and Wink, 2004). Tulbaghia violacea has been used by
indigenous communities in South Africa to treat a variety of ailments
such as HIV/AIDS, gastrointestinal conditions, asthma, fever, colds,
pulmonary tuberculosis (Burton, 1990; Dyson, 1998; Kubec et al.,
2002; Ncube et al., 2011), hypertension and oesophageal cancer
(Hutchings et al., 1996; VanWyk andWink, 2004).

Current empirical evidence suggests that extracts from T. violacea
possess anti-inflammatory properties (Huda-Faujan et al., 2009; Patel
et al., 2009). The establishment of such empirical evidence has been
driven by the need for novel effective drugs to replace modern
synthetic medicines which has adverse side effects (George, 2011;
Kazemipoor et al., 2012). Nonetheless, the safety and toxicity of
medicinal plants remains a concern especially in communities that
rely on them for social and/or economic reasons (J€ager and Stafford,
2012). From the socio-economic standpoint, medicinal plants are the
sole source of income for a large number of people in rural communi-
ties, and for the most part they are landless, poor and marginalized
farmers. Rural farmers may thus earn wages from medicinal plants
that possess high commercial value (Bari et al., 2017). Since most tra-
ditional health practitioners may not be certified or licensed, safety
concerns arise due to limited information on suitable quality controls,
inadequate labelling, and lack of patient information (Kasilo and
Trapsida, 2011; Raynor et al., 2011).

Current literature indicates that there is contradictory evidence
regarding the toxicity and safety of some of the species within the
genus Tulbaghia (J€ager and Stafford, 2012). For example, Van Huyss-
teen et al. (2011) observed cytotoxicity at 62.5 and 125 mg/ml from
the ethanol extracts (whole plant material) of T. violacea on Chang liver
cells. Olorunnisola et al. (2012) also showed toxicity in the Brine
Shrimp Lethality test (BSLT), where they reported that the oil extract
from the roots of T. violaceawas cytotoxic and that the level of toxicity
depended on the concentration used. Using the bacterial reverse muta-
tion (Ames) assay, Resende et al. (2012) reported that Kaemferol which
is one of the compounds that has been isolated from Tulbaghia,
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showed mutagenicity towards S. typhimurium strains TA98, TA100 and
TA102. According to Saibu et al. (2015), the aqueous leaf extracts of T.
violacea demonstrated variable selective toxicity towards HepG2,
MCF7, H157, HT29 and KMST6 which are non-cancerous cell lines.

Although the above studies appear to have demonstrated toxicity of
some of the Tulbaghia species, other similar studies have disagreed with
such conclusions. Ncube et al. (2011) reported that the leaves and flow-
ers of T. violacea are edible as vegetables. Using the Ames and VITOTOX
tests Elgorashi et al. (2003) reported that these parts (leaves and flow-
ers) are non-toxic. Soyingbe et al. (2013) investigated the acute and
sub-chronic toxicity of a methanolic extract of T. violacea roots inWistar
rats and reported that a single oral dose of 5 g/kg had no significant
effect on their behaviour and did not cause mortality within 14 days of
observation. They also reported that the essential oil of T. violacea had
low (1218 and 1641 mg/ml) cytotoxicity levels against the HEK293 and
HepG2 cell lines.

Consumption of T. violacea has been associated with a variety of
undesirable side effects including abdominal pain, inflammation of
the intestinal mucosa and death. These symptoms are thought to
result from the high sulphur (2, 4, 5, 7-tetratriacontane-2, 2-dioxide
and 2, 4, 5, 7-tetratriacontane) and steroidal saponin content in the
species (Burton, 1990; Van Wyk and Gericke, 2000). The level of toxic
agents in a plant preparation could be influenced by the nature of a
solvent. Nevertheless, it is essential to holistically evaluate and estab-
lish the cytotoxic effects that could result from the use of medicinal
plants (Morobe et al., 2012).

In this study, the effect of crude water and ethanol extracts from
the leaves, stems and roots of T. violacea on the proliferation of a
murine macrophage cell line 264.7 was assessed following a 23 facto-
rial design. The murine macrophage cell line, RAW 264.7 are mono-
cyte/macrophage-like, Abelson leukemia virus transformed cells that
have been obtained from BALB/c mice (Fuentes et al., 2014). The
response of RAW 246.7 cells has been associated with that of human
de novo response thus making them ideal for screening bioactivity of
natural products (Merly and Smith, 2017). A factorial design
approach was used in this study as it offers a unique, robust and cost-
effective means of assessing the interaction between various varia-
bles without jeopardising the quality of the data (Montgomery, 2013;
Terblanche et al., 2017). A factorial design approach, makes it possible
to establish the factors of the crude extract that have a significant
effect on the proliferation of the macrophages in vitro. Furthermore,
it was possible to determine the optimum crude extract preparation
conditions that resulted in increased cellular proliferation as a func-
tion of reduced cytotoxicity.

2. Materials and methods

2.1. Collection and preparation of plant crude extracts

Tulbaghia violacea plants were collected and identified as described
by Madike et al. (2017). The leaves, stems and roots were then sepa-
rated from each other, cut into small pieces, frozen (�20 °C), lyophi-
lized and eventually pulverized into a fine powder. Crude ethanol
extracts of the different parts of the plant were prepared by mixing 5 g
of the pulverized plant material with 500 ml of 100% ethanol. The mix-
ture was then macerated for 24 h with constant shaking and then
filtered through aWhatman� filter paper (0.45mm). The filtrates were
then evaporated in a fume hood until they were dry. A stock solution
of each dried crude ethanol extract at a concentration of 10 mg/ml was
prepared using ethanol and stored at �20 °C in opaque vessels until
when they were required. The crude water extracts from the different
parts of the plant were prepared bymixing 10 g of the pulverized plant
material with 200 ml of distilled water. The mixture was then boiled
for 10 min and allowed to cool down. Thereafter, the mixture was fil-
tered through a Whatman� filter paper (0.45 mm). The resultant fil-
trate was then frozen and lyophilized. A stock solution of each
lyophilized crude water extract at a concentration of 10 mg/ml was
prepared using water and stored at �20 °C in opaque vessels until
when they were required.

2.2. Cell culture

A murine macrophage cell line RAW 264.7 (Cellonex, Johannes-
burg, South Africa) was cultured and maintained in DMEM supple-
mented with 10% fetal bovine serum and antibiotics (10,000 U/ml
penicillin G and 10 mg/ml streptomycin) at 37 °C in a 5% CO2 atmo-
sphere in an incubator (ESCO, Horsham, PA). The culture medium
was replaced with fresh medium every three days until the cells
were 80% confluent. The cells were washed, trypsinised and plated in
a 96-well plate at a cell density of 2.27 x 106 cells/ml for 24 h before
performing the MTT assay.

2.3. The 23 factorial design

Three 23 full factorial designs were used to investigate the effect
that the crude extracts obtained from the three different parts (leaves,
stems and roots) of the plant had on the proliferation of the RAW
264.7 murinemacrophage cell line using a modified protocol described
by Terblanche et al. (2017). For each of the three parts of the plant,
three independent variables of concentration (A), time (B) and nature
of extract (C) were selected. The results were read at two time inter-
vals of 24 h and 48 h. The crude plant extracts were prepared and used
to stimulate the cells using two concentrations of 100 and 1000mg/ml
in culture media. There were two levels for each variable; low (+)
which included 10 mg/ml, 24 h and water extract, while the high (+)
level included 1000 mg/ml, 48 h and ethanol extract. The controls of
the study included; fresh basic cell culture media mixed with the cells,
50% H2O2 with the cells and basic cell culture media without cells. The
experimental runs were randomly executed, and the response was
recorded as percentage proliferation of the macrophage cells. By ran-
domizing the experimental runs, the effect of extraneous factors or
errors that may have been present were “averaged out” thus prevent-
ing the violation of independence (Montgomery, 2001). To minimize
external variation, experimental runs were done in triplicate.

2.4. Cell morphology and proliferation assay

After 24 h and 48 h of exposure the morphological properties of
the cells were investigated using an inverted microscope (IX53,
OLYMPUS, Tokyo, Japan). Cellular proliferation was determined as a
function of the metabolic activity determined using the 3-(4,5-Dime-
thylthiazol-2-yl)�2,5-Diphenyltetrazolium Bromide (MTT) assay
(Invitrogen, Eugene, OR) following the manufacturer’s instructions
with slight modifications. In brief, the cells were incubated for
24 h and 48 h after which the media was removed and replaced with
100 ml of fresh media. MTT solution (0.5 mg/ml) was added to each
well and the plate was incubated for 4 h. All but 25 ml of media was
removed from the wells, and then 50 ml of dimethyl sulfoxide
(DMSO) was added to each well. The cell culture plates were then
incubated at 37 °C for 10 min and the absorbance was read at 560 nm
using a Glomax Multi-detection system plate reader (Promega, Sun-
nyvale, CA). The percentage cell viability was calculated using Eq. (1).

Cell viability %ð Þ ¼ ðAtreatment � AblankÞ
ðAcontrol� AblankÞ

� 100 ð1Þ

Where A is the absorbance at 560 nm.

2.5. Statistical analysis

The statistical significance of the different independent variables
on the percentage cell viability was investigated by using analysis of
variance (ANOVA) as described by Terblanche et al. (2017). ANOVA



Table 1
A 23 full factorial design showing average runs in actual factors for independent variables.

% Cell viability § SEM

Actual Predicted

Run A B C A B C Leaves Stem Roots Leaves Stem Roots

01 � � � 10 24 Water 79.9 § 6.99 53.29 § 10.41 54.39 § 4.93 76.34 § 2.84 42.9 § 1.91 56.83 § 2.17
02 þ � � 1000 24 Water 33.06 § 8.46 12.86 § 4.42 33.3 § 11.21 49.27 § 2.84 11.96 § 1.91 31.68 § 2.17
03 � þ � 10 48 Water 76.5 § 13.68 40.18 § 0.92 61.7 § 10.31 76.34 § 2.84 42.9 § 1.91 56.83 § 2.17
04 þ þ � 1000 48 Water 61.75 § 7.89 3.38 § 2.23 27.64 § 2.97 49.27 § 2.84 11.96 § 1.91 31.68 § 2.17
05 � � þ 10 24 Ethanol 18.54 § 2.45 19.03 § 0.31 17.65 § 0.16 26.26 § 2.84 29.14 § 1.91 26.41 § 2.17
06 þ � þ 1000 24 Ethanol 2.11 § 2.11 4.06 § 1.89 4.93 § 2.44 00.00 § 2.84 0.00 § 1.91 1.25 § 2.17
07 � þ þ 10 48 Ethanol 30.27 § 6.07 31.59§ 0.85 32.73 § 3.45 26.26 § 2.84 29.14 § 1.91 26.41 § 2.17
08 þ þ þ 1000 48 Ethanol 0.00 § 0.00 0.00 § 0.00 0.00 § 0.00 00.00 § 2.84 0.00 § 1.91 1.25 § 2.17
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was conducted using Design Expert software (version 6.0.6, Stat-Ease,
Minneapolis, MN) set to a significant level of p < 0.05. Regression
models for the leaves, stems and roots were then used to evaluate
the direction and magnitude of the relationship between a variable
and percentage cell viability. The regression formula illustrated in
Eq. (2) was used to predict the effect of the different variables on per-
centage cell viability.

y ¼ b0þ b1A þ b2B þ b3C þ b12AC þ b13AB þ b23BC

þ b123ABCþ e ð2Þ

In Eq. (2), y represented the percentage cell viability, whereasbn rep-
resented the regression coefficient associated with variable n. The values
for n in Eq. (2) were obtained from the analysis of the experimental
results. The letters A (concentration), B (time) and C (extracts) are the
main variables, the two-way interactions are represented as AB (concen-
tration x time), AC (concentration x extracts) and BC (time x extracts),
the three-way interaction by ABC (concentration x time x extracts) and e
the experimental error. The adequacy of the regression models obtained
in this study was examined by ANOVA, the coefficient of determination
(R2), adjusted R2 and predicted R2. The coefficient of regression has a
value from 0 to 1 and was used as a measure of the global fit of a model
according to the formula shown in Eq. (3) where SST and SSwithin were
the total sum of squares and error sum of squares, respectively.

R2 ¼ SST� SSwithin

SST
¼ 1� SSwithin

SST

� �
ð3Þ

In this study, the value of the predicted R2 as opposed to the calcu-
lated and adjusted R2 values were used to determine the quality of the
model and to confirm that the final regression model did not over-fit
Fig. 1. Half normal probability plots showing the effect (% cell viability) for (a) leaf (b) stem
and the blue ( ) squares are factor estimates. (For interpretation of the references to colour
the observed data points. The resultant model was used to predict the
percentage cell viability for concentrations of 10, 25, 50, 100, 250, 500
and 1000 mg/ml using the Design Expert 6.0.6 software to cover the
range of concentrations previously reported in literature. The pre-
dicted responses were then used in GraphPad Prism 6 software
(GraphPad Software, San Diego, CA) to calculate the IC50 and 95% CI.

3. Results

3.1. Experimental observations

This study investigated the effect of the concentration of the crude
extracts (A), duration of stimulation of the cells with the crude
extracts (B) and the nature of the crude extracts (C) on the prolifera-
tion of a murine macrophage cell line 264.7 in vitro. The analysis was
conducted in triplicate resulting in 24 observations (mean calculated
resulting in 8 observations) for each plant part. Table 1 illustrates the
mean responses (% viability) per run.

3.2. Half-normal plots

The factorial design analysis uses the half normal plot to visualise sig-
nificant and non-significant main and interaction effects (Natrella, 2010).
According to this study, the main effect of time (B), as well as the interac-
tion between AC, BC, AB and ABC with regards to the leaf extracts of T.
violacea had no significant bearing on cell proliferation (Fig. 1a). The
sequence, in decreasing order of the main effects and interaction terms
that significantly influenced cell proliferation with crude extracts from
the leaves of T. violacea was found to be (extract type) C > A (Concentra-
tion) (Fig. 1a). The main effect B (time), as well as the interactions
and (c) root extracts. The green triangles ( ) are noise effect estimates or ‘pure error’
in this figure legend, the reader is referred to the web version of this article.)
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between AB, AC, BC and ABC with regards to the stem extracts of T. viola-
cea had no significant effect on cell proliferation (Fig. 1b).

The sequence, in decreasing order, of the terms that significantly
influenced cell viability with crude extracts from the stems of T. viola-
ceawere found to be A> C (Fig. 1b). The sequence in decreasing order
of the main and interaction terms that significantly influenced cell
viability with crude extracts from the roots of T. violacea was found
to be A > C (Fig. 1c). The main effect B, as well as the interaction
between AC, AB, BC and ABC for root extracts had no significant effect
on cell proliferation (Fig. 1c).

3.3. Main effects and interaction plots resulting from crude leaf extract

The main effect and interaction plots are lines resulting from the
connection of the mean values from each treatment (AlcheikhHamdon
Fig. 2. One factor plots (A - D) on the effect (% cell viability) of the leaf crude extracts on RAW
the black squares (&) are the actual factor estimates.
and Darwish, 2015). As illustrated in the one factor plots for the leaf
extracts in Fig. 2 (A�D), there were two factors A and C that exhibited
main effects. An increase in each of these factors from a lower level (-)
to higher level (+) resulted in a decrease in the percentage number of
viable cells. Factor B on the other hand showed no influence on per-
centage cell viability since a variance in this factor neither increased or
reduced percentage viability. All these factors were involved in either
a two way or three-way interaction. Nonetheless the interactions
among the independent variables were also non-significant .

Similar to the leaf crude extracts, there were two factors A and C that
exhibited main effects (Fig. 3A�D). An increase in each of these variables
from a lower level (-) to a higher level (+) also decreased the percentage
of viable cells. Factor B on the contrary showed no influence on cell viabil-
ity. The two-way interactions between the independent variables AC and
BC were significant (p<0.05) since the gradient lines were non-parallell
246.7 murine macrophage cells. The black circles (�) represent the design points and



Fig. 3. Interaction (A - D) plots on the effect (% cell viability) of the stems crude extracts on RAW 246.7 murine macrophage cells. The black circles (�) represent the design points
and the black squares (&) are the actual factor estimates.
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to one another (Fig. 5C and D). However, the two-way interaction
between the independent variables ABwas non-significant (p<0.05).

Lastly for the root extracts, there was a similar response to that
of the crude leaf and stem extracts where the two main factors A
and C influenced cell proliferation (Fig. 4A - D). An increase in each
of these variables from a lower level (+) to a higher level (-)
resulted in a decrease in the percentage of viable cells. Factor B
showed no influence on percentage cell viability since a variance
in this factor neither increased or reduced percentage viability.
Similar to the leaf extracts, the interactions among the indepen-
dent variables were non-significant.
3.4. Regression model analysis and ANOVA

Regression model analysis and ANOVA were used to explore
the relationship between the dependent and independent varia-
bles. The full regression model consisted of both the significant
(p < 0.05 level) and non-significant terms. For the leaf extracts,
the effect of concentration and type of extract on the viability of
the cells was highly significant (p<0.0001) whereas the effect due
to time was non-significant (Table 2). All the two-way interac-
tions AB, AC and BC were non-significant while the three-way
interaction ABC was slightly significant (p<0.039). A comparison



Fig. 4. One factor plots (A - D) on the effect (% cell viability) of the root crude extracts on RAW 246.7 murine macrophage cells. The black circles (�) represent the design points and
the black squares (&) are the actual factor estimates.
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of the predicted and adjusted R2 values was used to confirm the
adequacy of the regression model. The values of the predicted
and adjusted R2 were 0.7747 and 0.8111, respectively (Table 3).
The closeness in predicted and adjusted R2 values was indicative
of a reasonable agreement between both R2 values (Montgomery
2013) thus confirming the developed model. Only the main fac-
tors (A and C) and their interactions that had a highly significant
(p<0.0001) effect on the percentage viability of the cells were
used as model terms (Table 3). The main factor B and the interac-
tions AB, AC, BC and ABC had very little to no significance on the
percentage viability (Table 3) and hence were eliminated from
the model.
Equations based on the full regression model based on the actual
factors to predict the percentage cell viability due to the crude
extracts from the leaves were developed (Eqs. (4) and 5).

Model for the crude water extracts of the leaves

PercentageCell viability ¼ 76:61�0:027 � Concentration ðmg=mlÞ ð4Þ
Model for the crude ethanol extracts of the leaves

PercentageCell viability ¼ 26:53�0:027 � Concentration ðmg=mlÞ: ð5Þ
Similar to the leaf extracts, the stem extracts showed highly signifi-

cant (p < 0.001) percentage viability of factors A and C whereas the
effect of B was non-significant. For the two-way interactions, AC and
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Fig. 5. Cell viability (%) of RAW 246.7 murine macrophage cell line after treatment with various concentrations of water and ethanol extracts of the leaves of T. violacea for both 24 h
(A) and 48 h (B). *Statistically significant groups (p < 0.05) and **highly significant groups (p < 0.001) compared to the corresponding concentrations of the same solvent according
to the t-test: Two-Sample Assuming Equal Variance.

Table 2
ANOVA report for the full regression model for the leaf extract of T. violacea.

Source Sum of squares Degree of freedom Mean squares F-values P-value

Model 20,989.26 7 2998.47 19.16 < 0.0001
A 4397.25 1 4397.25 28.10 < 0.0001
B 457.10 1 457.10 2.92 0.1068
C 15,044.03 1 15,044.03 96.13 < 0.0001
AB 124.76 1 124.76 0.80 0.3852
AC 83.25 1 83.25 0.53 0.4763
BC 92.12 1 92.12 0.59 0.4541
ABC 790.74 1 790.74 5.05 0.0390
Pure Error 2503.89 16 156.49
Cor Total 23,493.16 23

SD = 13.89; R2 = 0.8275; R2(adj) = 0.8111; R2 (pred) = 0.7747; Adeq precision = 15.705; Mean = 37.77.
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BC were significant (p < 0.05). However, a non-significant effect was
detected in the two interaction AB as well as the three-way interaction
ABC. A comparison of the predicted and adjusted R2 values was used
to confirm the adequacy of the regression model. The predicted R2

value of 0.725 was close to the adjusted R2 value of 0.7694. This meant
that there was reasonable agreement between both R2 thus confirming
that the model was desirable (Table 3). Only factors and their interac-
tions that had a highly significant effect (p < 0.001) on the percentage
viability of the cells were used as model terms. These included A and C
(Table 4). The main factor B and the interactions AB, AC, BC and ABC
had minimal to no significant effect on percentage viability of the cells
(Table 4) and hence were excluded from the model.

Equations based on the full regression model to predict the per-
centage cell viability of crude extracts from the stems were devel-
oped (Eqs. (6) and 7).

Model for the stem crude water extract

PercentageCell viability ¼ 43:21�0:03 � Concentration ðmg=mlÞ ð6Þ
Table 3
ANOVA report for the full regression model for the ste

Source Sum of squares Degree of freedo

Model 7888.25 7
A 5745.87 1
B 74.45 1
C 1135.89 1
AB 63.21 1
AC 352.74 1
BC 362.32 1
ABC 153.77 1
Pure Error 828.75 16
Cor Total 8717.00 23

SD = 9.35; R2 = 0.7895; R2 (adj) = 0.7694; R2 (pred) = 0
Model for the stem crude ethanol extract

PercentageCell viability ¼ 29:45�0:03 � Concentration ðmg=mlÞ ð7Þ
As was observed for the leaf and stem extracts, the effect of

factors A and C on the percentage viability of the cells was highly
significant (p < 0.001) whereas the effect of B was non-significant.
The two and three-way interactions were non-significant. A com-
parison of the predicted R2 and adjusted R2 values was also used
to confirm the adequacy of the regression model. The predicted
R2 value of 0.7361 was close to the adjusted R2 value of 0.7787.
This showed that there was reasonable agreement between both
R2 thus confirming that the model was desirable (Table 4). Only
factors and their interactions that had a significant effect (p <

0.001) on the percentage viability of the cells were used as model
terms. These included A and C (Table 4). The main factors B and
the interactions AC, AB, BC and ABC had no significant effect on
percentage cell viability (Table 4) and hence were excluded from
the model.
m extracts of T. violacea.

m Mean squares F-values P-value

1126.89 21.76 < 0.0001
5745.87 110.93 < 0.0001

74.45 1.44 0.2480
1135.89 21.93 0.0002

63.21 1.22 0.2856
352.74 6.81 0.0190
362.32 6.99 0.0177
153.77 2.97 0.1042
51.80

.725; Adeq precision = 13.526; Mean = 20.55.



Table 4
ANOVA report for the full regression model for the roots of T. violacea.

Source Sum of squares Degree of freedom Mean squares F-values P-value

Model 10,548.38 7 1506.91 8.95 0.0002
A 4767.77 1 4767.77 28.30 < 0.0001
B 215.10 1 215.10 1.28 0.2751
C 4501.55 1 4501.55 26.72 < 0.0001
AB 763.99 1 763.99 4.54 0.0791
AC 2.25 1 2.25 0.013 0.9094
BC 159.81 1 159.81 0.95 0.3445
ABC 137.90 1 137.90 0.82 0.3790
Pure Error 2695.12 16 168.44

SD = 10.62; R2 = 0.7979; R2 (adj) = 0.7787; R2 (pred) = 0.7361; Adeq precision = 14.804; Mean = 29.04.
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Equations based on the full regression model to predict the per-
centage cell viability of crude extracts from the roots were developed
(Eqs. (8) and (9)).

Model for the root crude water extract

Percentage Cell viability ¼ 57:09�0:025 � Concentration ðmg=mlÞ ð8Þ
Model for the root crude ethanol extract

Percentage Cell viability ¼ 26:66�0:025 � Concentration ðmg=mlÞ ð9Þ
3.5. Cell viability following stimulation with crude extracts

The MTT assay was used to assess cell viability following stimula-
tion with water and ethanol extracts of the leaf, stem and root extracts
at 10 and 1000mg/ml for both 24 h and 48 h. The leaf extracts showed
that cell viability was dependent on both concentration and type of
extract (Fig. 5). The number of viable cells decreased as the concentra-
tion of the water extract increased and when ethanol was used for
extraction. The ethanol extract of the leaves was toxic to the cells even
at the lowest concentration of 10 mg/ml at both 24 h and 48 h incuba-
tion periods and the percentage cell viability was< 50%.

For the stem extracts, cell viability was dependent on both con-
centration and type of extract (Fig. 6). The number of viable cells
decreased with an increase in the concentration of crude extracts.
Both the water and ethanol crude extracts of the stem were toxic to
the cells even at the lowest concentration of 10 mg/ml at both 24 h
and 48 h incubation periods in comparison to the controls.

Similar to the leaves and stems, the crude extracts of the roots also
showed that cell viability was dependent on both concentration and
type of extract (Fig. 7). The number of viable cells decreased as the
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concentration of the water extracts increased and when ethanol was
used as the extracting solvent. The crude root ethanol extracts were
toxic to the cells even at the lowest concentration of 10 mg/ml at
both 24 h and 48 h incubation periods (% cell viability < 50%).

3.6. Morphological characterization following stimulation with crude
extracts

The morphology of the cells was assessed to observe the structure
and form of the cells under the set parameters. Fresh culture media
was used as the negative control (untreated cells) while 50% H2O2 as
the positive control. For the leaf extracts, the treated macrophage cells
showed signs of clumping, inhibition of cell growth, shrinkage, vacuo-
lisation and detachment from the culture flask (Fig. 8A�L). These
abnormalities were more pronounced in the cells treated with the eth-
anol extracts especially after 48 h at both concentrations (10 and
1000 mg/ml). On the contrary the cells stimulated with water extracts
for 24 h and 48 h at a concentration of 10 mg/ml showed properties
similar to those observed in the untreated cells characterised by the
lack of clumping, shrinkage, vacuolisation and detachment from the
culture flasks. Macrophages stimulated with the crude water extract at
1000 mg/ml for 24 h and 48 h showed minimal clumping, shrinkage,
vacuolisation and detachment from the culture flasks.

Fig. 9A�L shows the effects of the crude stem extracts on the mac-
rophages. The cells showed signs of clumping, inhibition of cell
growth, shrinkage, vacuolisation and detachment from the culture
flask in all the treatments involving the crude stem extract and H2O2.
Accumulation of cellular debris was observed after 48 h of stimula-
tion with the crude water and ethanol extracts (Fig. 7F, H, J and L) at
both the low and high concentrations.
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Fig. 7. Cell viability (%) of RAW 246.7 macrophage cell line after treatment with various concentrations of water and ethanol extracts of the roots of T. violacea for both 24 h (A) and
48 h (B). * Statistically significant groups (p < 0.05) and ** highly significant groups (p < 0.001) compared to the corresponding concentrations of the same solvent according to the
t-test: Two-Sample Assuming Equal Variance.
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Similar to the finding of the crude stem extracts, the root extracts
completely damaged the cells after 48 h incubation for both the crude
water and ethanol extracts at both 10 and 1000 mg/ml (Fig. 10A�L).
Similarly, some of the morphological anomalies observed included
clumping of cells, growth inhibition of cells, shrinkage, vacuolisation
and detachment of cells from the culture flask when cells were
treated with both the crude water and ethanol extracts.

3.7. Half maximal inhibitory concentration (IC50)

The developed models were used to predict the percentage cell
viability of the macrophages which were stimulated with varying
concentrations of the leaf, steam and root crude water or ethanol
extracts within the experimental range (Table 5). These concentra-
tions were 10, 25, 50, 100, 250, 500 and 1000 mg/ml. The results
Fig. 8. Microscopic observation (20x magnification) of the RAW 264.7 macrophages cells tha
(D); treated with 10 mg/ml of the crude water leaf extract for 24 h (E) and 48 h (F); treated w
10 mg/ml of the crude ethanol leaf extract for 24 h (I) and 48 h (J) and; treated with 1000 mg/
showed a decrease in percentage viability with an increase in the
concentration irrespective of the nature of the crude extract. Further-
more, crude extracts prepared from ethanol induced a greater reduc-
tion in viability in comparison to the water derived crude extracts.

The predicted values in Table 5 were used to calculate the IC50 and
95% CI (Table 6). The crude water extracts prepared from the leaves,
stems and roots of T. violacea had IC50 (95% CI) values of 2487 (1185
to 5219), 7.922 (3.22to 19.50) and 111.6 (72.48 to 172.0) mg/ml,
respectively. The ethanol crude extracts prepared from the leaves,
stems and roots of T. violacea had IC50 (95% CI) values of 0.5905 (0.09
to 3.82), 1.130 (0.23 to 5.58) and 0.5105 (0.07 to 3.87) mg/ml, respec-
tively. These results showed that the crude water extracts had a
higher IC50 (95% CI) than the crude extracts obtained with ethanol.
Furthermore, crude water extracts of the stems of T. violacea had the
lowest IC50 than those of the leaves and roots.
t were: untreated for 24 h (A) and 48 h (B); treated with 50% H2O2 for 24 h (C) and 48 h
ith 1000 mg/ml of the crude water leaf extract for 24 h (G) and 48 h (H); treated with

ml of the crude ethanol leaf extract for 24 h (K) and 48 h (L).



Fig. 9. Microscopic observation (20x magnification) of the RAW 264.7 macrophage cell that were: untreated for 24 h (A) and 48 h (B); treated with 50% H2O2 for 24 h (C) and 48 h
(D); treated with 10 mg/ml of the crude water stem extract for 24 h (E) and 48 h (F); treated with 1000 mg/ml of the crude water stem extract for 24 h (G) and 48 h (H); treated with
10 mg/ml of the crude ethanol stem extract for 24 h (I) and 48 h (J) and; treated with 1000mg/ml of the crude ethanol stem extract for 24 h (K) and 48 h (L).

Fig. 10. Microscopic observation (20x magnification) of the RAW 264.7 macrophages cell that were; untreated for 24 h (A) and 48 h (B); treated with 50% H2O2 for 24 h (C) and 48 h
(D); treated with 10 mg/ml of the crude water root extract for 24 h (E) and 48 h (F); treated with 1000 mg/ml of the crude water root extract for 24 h (G) and 48 h (H); treated with
10 mg/ml of the crude ethanol root extract for 24 h (I) and 48 h (J) and; treated with 1000 mg/ml of the crude ethanol root extract for 24 h (K) and 48 h (L).
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Table 5
Predicted percentage cell viability values for the leaf, stem and root extracts
of T. violacea after 24 h incubation.

Predicted percentage cell viability

Concentration
(mg/ml)

Water extracts Ethanol extracts

Leaves Stems Roots Leaves Stems Roots

10 76.34 42.90 57.00 26.26 29.14 26.00
25 75.93 42.43 56.00 25.85 28.67 26.00
50 75.24 41.65 56.00 25.17 27.89 25.00
100 73.28 40.08 55.00 23.80 26.33 24.00
250 69.77 35.40 51.00 19.70 21.70 20.00
500 62.94 27.58 44.00 12.87 13.83 14.00
1000 49.27 11.95 32.00 0.00 0.00 0.00
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4. Discussion

One of the main insights of this study is that the water and etha-
nol extracts of T. violacea showed differential effects on the growth
and viability of the RAW 246.7 macrophage cell line. Macrophages
are widely distributed in all tissues and play a major role in the host
innate immune response against infections. In addition, macrophages
are well recognized for their roles in homeostasis, tissue repair and
development (Lavin and Merad, 2013; Liu and Cao, 2014). Tulbaghia
violacea has been used by various communities in Southern Africa to
treat a variety of ailments. However, its consumption has been asso-
ciated with some undesirable side effects (Burton, 1990; Van Wyk
and Gericke, 2000). Therefore, there was a need to evaluate its toxic-
ity. In this study we assessed the toxicity of water and ethanol
extracts of T. violacea. Water was selected as a solvent since it is rou-
tinely used by herbalists in traditional medicine (Eloff, 1998; Grierson
and Afolayan, 1999; Inngjerdingen et al., 2004; Kelmanson et al.,
2000; Shale et al., 1999). Water has been shown to efficiently extract
tannins, terpenoids, flavonoids, saponins, proteins, steroids, cardiac
glycosides, phenols and coumarins from T. violacea (Madike et al.,
2017). Although ethanol is not widely used to prepare crude extracts
from plants by herbalists it was used in this study because the amphi-
pathic nature of its molecule enables the extraction of both polar and
nonpolar compounds (Hacker et al., 2009). The use of a factorial
design for statistical analysis enables a significant reduction in the
total number of experiments while the quality and the standard of
the experiment remains unchanged. Employing the traditional one
factor at a time approach makes it difficult to observe the optimum
value of the working parameters as no interaction among them is
considered. The factorial design in this case offers a solution by study-
ing the effect of variables and their responses while using a minimum
number of experiments (Montgomery, 2001; Silva et al., 2011).

Fig. 1 shows that both extracting solvents significantly (p < 0.001)
influenced the viability of the macrophages. Macrophages treated with
the crude ethanol extracts were significantly (p < 0.001) less viable
than those stimulated with the crude water extracts irrespective of the
part of the plant used (Figs. 2�4). This is probably due to the differen-
ces in the chemical composition of the two extracts. Crude extracts of
water contain higher amounts of phenolic compounds whereas crude
ethanol extracts have more total flavonoids (Madike et al., 2017).
Takaidza et al. (2018) also reported a similar observation for T. violacea
Table 6
IC50 (mg/ml) and 95% CI values of crude extracts from the leaves, stems and ro

IC50 (95%

Leaves Stem

Water Ethanol Water E

2487 (1185 to 5219) 0.5905 (0.09 to 3.82) 7.922 (3.22 to 19.50) 1
water extracts where the total phenolic compounds were higher com-
pared to total flavonoids. Ethanol, unlike water, has been shown to
efficiently degrade the plant cell wall causing the release of polyphe-
nols (Lapornik et al., 2005) which are reported to induce cytotoxicity
(Chen et al., 2016). The loss of viability of the macrophages with the
ethanol extracts is probabaly due to polyphenols. This observation
highlights the importance of the choice of a solvent when preparing
crude extracts from plant material.

The use of the 23 factorial design approach study made it possible
to determine if the independent variables (main effects) namely:
nature of solvent, stimulatory concentration and duration of expo-
sure interacted with each other to influence the proliferation of the
macrophages. This study showed that each of the three main factors
acted independently in influencing the proliferation of the macro-
phages. Furthermore none of the two or three way interactions
among the variables had a significant effect (p< 0.01) on proliferation
of the macrophages. This finding enabled the development of models
that could be used to predict macrophage proliferation within the
design parameters. The models were assessed for their adequacy and
quality by comparing the predicted and adjusted R2 values (Tables
2�4). The model was rendered adequate based on the closeness
between the predicted and adjusted R2 values (Montgomery, 2013).

This study also showed that the concentration of the crude
extracts had a significant (p < 0.001) effect on the viability of
the macrophages (Figs. 5�7). Increasing the concentration of crude
extracts of either the water or ethanol resulted in a decrease in the
cell viability. Similar results were obtained by Van Huyssteen et al.
(2011) in Chang liver cells when they were treated with ethanol
extracts of T. violacea at concentrations of 62.5 and 125 mg/ml. The
cytotoxicity effect of the crude extracts reported in this study and by
other researchers (Olorunnisola et al., 2012; Resende et al., 2012; Van
Huyssteen et al., 2011) could be attributed to the high concentrations
of toxic compounds.

Gadano et al. (2006) reported that some constituents of medicinal
plants may be potentially cytotoxic, genotoxic, mutagenic, carcino-
genic, or teratogenic depending on dosage. There is a definite need to
consider the concentration at which traditional medicine is prepared
and used. Perhaps, the complications associated with the consump-
tion of traditional medicine from T. violacea may be due to the lack of
a standardized prescribed dosage of its crude preparations. The effect
of prolonged exposure of the crude extracts on the proliferation of
the macrophages was also investigated (Figs. 8�10). The results
showed that the duration of stimulation did not have a significant (p
> 0.05) effect on the proliferation of the macrophages. This finding
seems to imply that the observed cytotoxic effects were not time
dependent.

The models were used to predict responses in terms of percentage
cell viability for concentrations within the design range (Table 5). Pre-
dictions showed that cell viability was greater when water crude
extracts prepared from the leaves and roots of T. violaceawere used as
stimulants. The water crude extract prepared from the stem negatively
influenced the percentage viability of the cells. Alvarez and Shoichet
(2005)_ENREF_2 grouped the toxicity of compound into four classes;
class 1 (high toxicity) with cell viability values between 0 and 25%,
class 2 (moderate toxicity) with cell viability values between 26 and
50%, class 3 (low toxicity) with cell viability values between 51 and
ots of T. violacea against RAW 264.7 cell line.

CI)

Roots

thanol Water Ethanol

.130 (0.23 to 5.58) 0.5105 (0.07 to 3.87) 111.6 (72.48 to 172.0)
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75% and lastly class 4 (nontoxic) with percentage viability values
greater than 75%. Based on the classification by Alvarez and Shoichet
(2005) water crude extracts prepared from the leaves and roots of
T. violacea at concentrations below 50 mg/ml were nontoxic and
slightly toxic respectively. However, for the same concentration range
water crude extracts prepared from the stems of the same plant exhib-
ited moderate toxicity. All ethanol crude extracts at concentrations
within the range explored were highly toxic regardless of the part of
the plant (Table 5). This finding reaffirms the role played by the nature
of solvent used in the preparation of the crude extracts, the concentra-
tion at which the crude extracts are to be used as well as the part of
the plant used in the preparation of crude extracts.

According to Saibu et al. (2015), the growth inhibitory effect of
T. violacea leaf extracts is much higher when compared to the root
extracts. It should be noted that Saibu et al. (2015) used concentra-
tions in the range (0.06�2.5 mg/ml) whereas this study used (10 �
1000 mg/ml) including the predicted results. The increased levels of
inhibition from the leaf extracts reported by Saibu et al. (2015) may
be due to toxicity of T. violacea leaf extracts at higher concentrations.
They also confirmed that concentrations higher than 1000 mg/ml
induced significant levels of apoptosis which is a form of pro-
grammed cell death. The current study has demonstrated that con-
centrations higher than 1000 mg/ml for the aqueous leaf extracts
resulted in cell viability values less than 50% which is in agreement
with the findings of Saibu et al. (2015).

The derived models were also used to determine IC50 values that
provides a good indication of the extent to which a subtance is able to
inhibit a biological process. This study showed that the nature of the
solvent used to prepare the extracts as well as the part of the plant
from which the crude extract was prepared influenced the IC50. Low
IC50 values have been shown to be an indicator of cytotoxicity. In this
study, the crude ethanol extracts from all parts of the plant produced
IC50 values below 10 mg/ml whereas the crude water extracts on the
contrary resulted in IC50 values above 100 mg/ml (Table 6). The only
exception was the crude water extract from the stems of T. violacea.
According to Mahavorasirikul et al. (2010) any crude extract with an
IC50 value below 20 mg/ml may be considered highly toxic. Consider-
ing this classification, the ethanol extracts of T. violacea should be con-
sidered highly toxic. This is supported by the high level of cellular
damage to the macrophages when ethanol extracts were used to stim-
ulate the cells (Figs. 8�10). Both water and ethnaol crude extracts of
the stem exhibited IC50 values below 20mg/ml.

The contradictory evidence that has been reported regarding the
toxicity of T. violacea plant extracts can thus be associated with the
variation in the solvents used to prepare extracts, the concentrations
ranges as well as the part of the plant used. This study has for the first
time used the stems of T. violaceawhich appear in between the leaves
and the roots and suggests that the toxicity of T. violacea may lie
mainly in the stems. It can thus be suggested that the studies which
used the leaves or the roots of T. violacea in toxicity studies might
have included the stems in the preparation of their extracts. The
results of this study indicate the need to carefully consider the part of
the plant to be used in the preparation of herbal remedies from
medicinal plants.

5. Conclusion

This study showed that with the exception of the stem, crude
water extracts from the leaves and roots of T. violacea at low concen-
trations were non-toxic to macrophages. However, at high concentra-
tions, crude water extracts did reduce the proliferation of the
macrophages. On the contrary ethanol extracts from all three parts of
the plant had a cytotoxic effect on the macrophages. This study has
for the first time showed that crude extracts prepared from the stems
of T. violacea are toxic to RAW 264.7 cells within a certain concentra-
tion range irrespective of the extraction solvent.
Consequently, the study showed that low concentrations of T. vio-
lacea plant extracts have proliferative effects on cells, but high con-
centrations are generally toxic. This study has clearly demonstrated
the importance of concentration ranges, extraction solvents and part
of the plant used as vital aspects to be considered for preparation of
herbal remedies. Additional studies on RAW 264.7 need to be done to
establish the mechanism by which the crude extracts from T. violacea
particularly the stem induce cell death. In addition, it would be
important to know the effects of the non-toxic concentrations on the
cytokine and chemokine profiling of the macrophages.
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