
RESEARCH ARTICLES

Vegetos
https://doi.org/10.1007/s42535-023-00762-7

confers excellent healing values due to multiplicity of its 
active compounds, associated toxicities in laboratory and 
field observations have been reported. Adverse effects of 
these toxic responses are associated with physiological 
changes in cellular biomarkers, architecture and overall 
functions of body organs (Mounanga et al. 2015; Akintime-
hin et al. 2021).

Triumfetta rhomboidea (Tiliaceae) is a pantropical plant 
that is widely distributed in the tropical and subtropical 
regions. It is locally used for the treatment diarrhea, tumor, 
gonorrhea and diabetes mellitus (Bosch 2011). Previous 
phytochemical examination on T. rhomboidea leaf extracts 
revealed the presence of saponins, tannin, phenols, flavo-
noid and steroids (Akintimehin et al. 2022). The leaf has 
high energy value and is commonly considered as appetizer, 
occasionally mixed with baby food and young toddler that 
are yet to eat coarse starchy foods. The soup is often the 

Introduction

Medicinal plants have been exploited time immemorial for 
the management/treatment of diseases. This orthodox prac-
tice is still maintained globally today owing to its low cost 
and cultural acceptability of the safety. Approximately 80% 
of global population depends on medicinal plant with Africa 
occupying 17% of the worldwide distribution (Chung-Hung 
et al. 2012; Mahomoodally 2013). Despite medicinal plants 
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Abstract
Medicinal plants contain chemical substances that can modulate biological processes similar to synthetic drugs and also 
demonstrate certain degree of toxicity. The current study investigated the safety of aqueous and ethanol extracts of Tri-
umfetta rhomboidea leaves in normal male albino rats. Leaves of T. rhomboidea were collected and prepared to obtain 
aqueous (AETR) and ethanol (EETR) extracts of T. rhomboidea. Acute toxicity testing followed standard procedure. In 
sub-chronic testing, animals were allotted into 6 groups containing 5 animals each: Animals in group 1 (control) were 
given distilled water while groups 2–6 were respectively administered 100, 500, 1000, 3000 and 5000 mg extract/kg 
body weight daily in single dose using oral gavage. After 28th days of extracts dosing, rats were sacrificed and samples 
were collected for biochemical analysis. The results of LD50 revealed toxicity level above 5000 mg extract/kg for AETR 
and EETR in acute exposure. Sub-chronic administration of AETR and EETR caused significant (P < 0.05) increase in 
rat body weight. Doses of AETR and EETR demonstrated significant reduction in AST, ALP, GGT, creatinine while only 
high doses above 3000 mg AETR/kg significantly (P < 0.05) elevated urea. Despite cholesterol was significantly elevated 
in AETR and EETR treated animals, the concentration of HDL-C also increased significantly. Conclusively, this study has 
experimentally demonstrated the safety of aqueous and ethanol extracts of Triumfetta rhomboidea, but caution should be 
observed when extrapolating these results in humans because continuous dosing could alter organ structures.
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first dish given to women who have delivered a child (Neu-
winger 2000).

The wide application of T. rhomboidea leaf in the treat-
ment of diseases is probably due to the presence of active 
constituents and assumption that it is of relatively low tox-
icity. However, certain circumstance such as long–term 
administration of high dose (up to 5000 mg/kg) may be 
lethal to vulnerable population. In bid to establish the safety 
of medicinal plants for pharmaceutical purpose, cosmetics 
and food processing for human consumption, toxicological 
reports on the lethal dose of medicinal plants or their deriva-
tives from scientifically controlled studies are significant. 
This study is therefore designed to assess the effect of acute 
and sub-chronic administration of Triumfetta rhomboidea 
leave extracts in healthy male albino rats.

Methods

Plant collection and preparation

Triumfetta rhomboidea leaves were harvested between July 
and August, 2021 in Igbokoda (Latitude: 6 21’ 00’’ Longi-
tude: 4 48’ 00’’), Ondo State, Nigeria. Specimen was identi-
fied and authenticated in Plant Biology and Biotechnology 
Department, University of Benin with voucher number: 
UBHT–403. The leaves were thoroughly cleaned, air-dried 
for two (2) weeks and pulverized using electrical blender. 
Aqueous and ethanol extracts of T. rhomboidea leave 
(AETR and EETR) were prepared following the method of 
Akintimehin et al. (2022).

Experimental animals

Male albino rats (100–150 g) were obtained from the Animal 
House, Department of Biochemistry, University of Benin. 
Animals were acclimatized for 14 days in a well-ventilated 
room, gave free access to water and rat feed. Handling of 
experimental animals followed manual guidelines of labora-
tory animal care of National research council (NRC, 1997) 
as approved by the Institution ethical committee.

Toxicology protocol

Phase I and phase II acute toxicity testing was carried out 
according to Lorke (1983). In phase I, a total of nine (9) 
albino rats for each AETR and EETR were randomly allot-
ted into 3 groups comprising 3 rats each. Groups I, II and 
III were administered 10, 100 and 1000 mg/kg body weight 
(b.w) of rats using an oral gavage in a single dose. In phase 
II, rats were divided into 3 groups, containing single rats. 
Animals in group I, II and III were respectively administered 

1500, 2900 and 5000 mg extract/kg. Animals were initially 
monitored for manifestation of toxicity and mortality for 
24 h and an extended period of 72 h. In sub-chronic toxic-
ity, a total of fifty-five (55) rats were randomly divided into 
6 groups of 5 rats each. Animals in group 1 (control) were 
administered 1 mL of distilled water. Groups 2, 3, 4, 5, 6 
were respectively administered 100, 500, 1000, 3000 and 
5000 mg/kg of AETR and EETR daily for 28 days using 
gavage. The weights of rats were taken at interval of 7 days.

Sample collections and preparations

After 28 days of administration, animals were deprived of 
food overnight and sacrifice thereafter to collect samples 
for analyses. Blood samples were withdrawn from the 
aortic valve using 2 mL syringe into plain sterile bottles. 
The blood samples were left for 30 min to clot and further 
centrifuged at 3000 x g for 10 min using electric centrifuge 
(Model: 80–2, Finlab) to collect clear sera. Organs were 
extracted, cleaned between layers of Whatman filter paper 
and weighed. Portion of the organs were removed and stored 
in 10% formaldehyde for histology.

Relative body organ weights ratio

Relative organ/body weight ratio was estimated by dividing 
the weight of organ(s) by the final body weight of rats.

Biochemical analysis

Biochemical assays were performed using Randox diagnos-
tic kits (Randox Laboratories Limited, UK). Total serum 
protein (TP), alanine and aspartate aminotransferases (ALT 
and AST), alkaline phosphatase (ALP), gamma glutamyl 
transferase (GGT), urea, creatinine (CRE), total triglyceride 
(TTG), total cholesterol (TC), high density lipoprotein-cho-
lesterol (HDL-C) and low-density lipoprotein–cholesterol 
(LDL-C) were carried out followed standard protocols in 
the manufacturer’s manual. Reaction mixtures of analyses 
were quantified using spectrophotometer (T70 + UV/VIS, 
PG Instrument Limited, England).

Histology

Sections of liver and kidneys were processed for histopatho-
logical examination using automatic tissue processor (Leica 
TP 1020). Samples were dehydrated using graded percent-
age of absolute alcohol and diluted alcohol, then dewax for 
15 min in xylene solution and thereafter stained with eosin 
and hematoxylin. After staining, samples were placed on 
glass slides and microscopically viewed at different magni-
fications (Avwioro 2010).
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Data analysis

Results were expressed as mean ± SEM. Data were evalu-
ated statistically with statistical package for social sciences 
(SPSS17). Hypothesis testing was done using one-way 
analysis of variance (ANOVA) while post hoc test was done 
using least significant difference (LSD) and level of signifi-
cance were considered when p < 0.05.

Results

Oral acute toxicity

The result obtained from the acute toxicity study is pre-
sented in Table 1. The LD50 of AETR and EETR is above 
5000 mg/kg b.w without any observed toxicity signs after 
24 h of scrutiny.

Body weight changes and mean organ/body weight 
ratio

The relative difference in weekly body weight of rats admin-
istered doses of AETR and EETR is presented in Table 2. 
Only animals that were administered AETR and EETR at 
3000 mg/kg and below demonstrated significant increase 
in weekly body weight. The mean organ/body weight ratio 
of AETR administered rats was insignificant relative to 
the untreated groups. Only 1000 and 5000 mg/kg doses of 
EETR respectively caused significant (p < 0.05) changes in 
liver and kidney (Fig. 1).

Results of biochemical studies in blood samples

The results of TP and organ function markers of animals 
administered AETR and EETR are shown in Table 3. There 
was a significant (p < 0.05) increase in TP of animals that 
received only 5000 mg/kg for both extracts relative to the 
control. Only rats that received 3000 mg AETR/kg showed 
obvious increase in ALT activity. All doses of AETR caused 
insignificant changes in AST activity while doses of EETR 
significantly reduced AST relative to the control. The activ-
ity of ALP was significantly elevated only in group that 
received 100 mg EETR/kg while the activity reduced in 
other treated groups. The level of GGT also reduced in ani-
mals that were administered both AETR and EETR. Only 
high doses (3000 mg/kg above) of AETR caused signifi-
cant increase (p < 0.05) in urea. Doses of AETR and EETR 
caused significant decline in creatinine compared to the 
control.

Both AETR and EETR lowered TTG concentrations 
compared to the untreated groups. Doses of AETR up to 
3000 mg/kg caused significant increase in TC while notice-
able increase was only observed in 100 and 500 mg EETR/kg 
treated rats. Dose of AETR at 500 mg/kg show low HDL-C 
while doses at 100, 1000 and 3000 mg/kg was significantly 

Table 1 Acute oral toxicity study of aqueous and ethanol extracts of 
T. rhomboidea
Extracts Phase I Phase II

Dose 
(mg/
kg 
bw.)

Mortality Dose 
(mg/
kg 
bw.)

Mor-
tal-
ity

Aqueous 10 0/3 1600 0/1
100 0/3 2900 0/1
1000 0/3 5000 0/1

Ethanol 10 0/3 1600 0/1
100 0/3 2900 0/1
1000 0/3 5000 0/1

Values are graded doses of extract for both phases of acute toxicity 
and mortality scores

Dose (mg/kg) Extract/ 
Water

Body weight difference (g)

Day 7 Day 14 Day 21 Day 28
Control d. H2O 12.09 ± 1.82 20.77 ± 3.61 33.29 ± 9.43 42.86 ± 11.59
100 AETR 13.53 ± 3.63* 21.94 ± 2.54* 28.09 ± 2.29* 33.61 ± 1.34*

EETR 8.69 ± 4.97* 19.52 ± 8.99* 31.74 ± 10.34* 52.12 ± 6.48*
500 AETR 8.68 ± 1.94* 14.61 ± 2.77* 26.83 ± 2.99* 38.77 ± 2.32*

EETR 15.35 ± 2.29* 27.48 ± 4.51* 37.41 ± 8.19* 27.46 ± 10.43*
1000 AETR 11.94 ± 3.26* 24.01 ± 3.51* 40.16 ± 4.06* 43.9 ± 4.11*

EETR 3.44 ± 8.04* 21.15 ± 7.39* 23.51 ± 8.71* 21.32 ± 7.99
3000 AETR 9.51 ± 2.22* 21.78 ± 5.07* 44.05 ± 8.44* 52.51 ± 11.79*

EETR 12.22 ± 3.43* 3.81 ± 5.88 10.12 ± 7.55 6.63 ± 8.64
5000 AETR 3.33 ± 5.74* 16.25 ± 11.58 44.06 ± 3.86 51.72 ± 7.30*

EETR 1.59 ± 3.56 2.11 ± 4.05 8.95 ± 6.82 11.64 ± 7.73*

Table 2 Differences in weekly 
body weight of rats administered 
with extracts of T. rhomboidea

Values are mean ± standard error 
of mean (n = 4–5) of weekly 
body weights difference of rats 
administered with distilled water 
and extracts of T. rhomboi-
dea leaves. Values containing 
asterisk (*) along the column 
indicates significant difference 
at p < 0.05
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Animal in control showed normal architecture with the 
parenchyma of the pancreas showing normal serous acinar 
and zymogenic cells (black arrow), normal interlobular con-
nective tissues (blue arrow) and islets of Langerhans (white 
arrow) consisting of round to oval collections of endo-
crine cells. Rats that received 100 mg/kg and 500 mg/kg 
of AETR has highly fibrotic interlobular connective tissues 
(blue arrow) and slightly diffuse islet of Langerhans (white 
arrow). Mild vascular congestion (black arrow) and few 
islets of Langerhans with vacuolation (white arrow) were 
also observed in groups that received 3000 mg AETR/kg. 
Similar to other treated groups, animals that were admin-
istered 5000 mg AETR/kg shows moderate thickening 
of vessel and possess islets of Langerhans (white arrow) 
with vacuolation and spaces. Rats that were administered 
100 mg/kg EETR shows atrophic islets of Langerhans 
(white arrow). Group that was administered 500 mg/kg 
EETR demonstrated highly fibrotic interlobular connective 
tissues with heavy deposition of connective tissue. Except 
for groups that received 5000 mg EETR/kg that demon-
strated mild fluid accumulation in the islets of Langerhans, 
animals that received between 1000 and 5000 mg EETR/kg 
doses showed moderate architecture as with diffused islets 
of Langerhans (Fig. 4).

Discussion

The development of tolerance to substances is frequently 
examined by an acute exposure study. In this study, absence 
of toxicity signs and mortality after 24 h of acute adminis-
tration of AETR and EETR could signify that T. rhomboidea 
leaf is acceptable for consumption and unharmful. Findings 
from this study reveal progressive increase in body weight 

elevated. Low dose of AETR significantly raise LDL-C 
while the concentration reduced at higher dose. Only group 
that received the highest dose of EETR caused significant 
decrease (p < 0.05) in LDL-C concentration when compared 
to the control (Table 4).

Histopathology results

The liver of rats in control group showed no pathological 
lesion as the central venules, hepatocytes morphology and 
sinusoids appeared normal (Fig. 2). Groups administered 
with graded dose of AETR and EETR shows similar hepa-
tocyte morphology and sinusiod relative to control except 
the group that received 100 mg/kg of AETR that showed 
severe steatosis (blue arrow) and infiltrated cytoplasm by fat 
droplets. Sinusoid of group that received 1000 mg/kg also 
showed scanty infiltration. Only group that were admin-
istered 100 and 500 mg AETR/kg showed mild infiltra-
tion and congested central venules. Animals administered 
100 mg EETR/kg also showed mildly congested central 
venules (white arrow) with group that receive only 5000 
EETR/kg showing hemorrhage in focal area (white).

Rats in control group showed normal glomeruli, mesan-
gial cells and capsular spaces (white arrow), renal tubules 
(blue arrow) and interstitial spaces. Most treated groups 
showed similar renal tubules and interstitial space relative 
to control while rat that were administered only 500 mg/kg 
AETR showed mild vascular congestion in interstitial space 
and few sclerotic glomeruli. Group that received 3000 and 
5000 mg/kg of extracts showed thickened membrane with 
wide capsular space. Except for groups that received EETR 
between 100 and 1000 mg/kg that has normal renal cortex 
(white), other groups showed fluid accumulation and scle-
rotic glomeruli in the renal cortex (Fig. 3).

Fig. 1 The effects of oral administration of AETR and EETR on mean 
organ/body weight ratio
Values are mean organ/body weight ratio of rats administered with 

extracts of T. rhomboidea leaves and is mean ± standard error of mean 
of at least four (4) independent experiments. Asterisk (*) on any bar is 
significantly different (p < 0.05) relative to the control
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T. rhomboidea. The non-significant changes obtained in 
organ weight of animals that received AETR could con-
note non-injurious effects of AETR on the organs. The 
significant reduction that was observed in liver of rats that 
received 1000 mg EETR/kg is quite puzzling since animals 
that received above 1000 mg/kg demonstrated insignificant 
changes compared to the control. Nonetheless, factors such 
as body makeup of animals and toxic response owing to 

during 28 days of extract administration. The significant rise 
in body weight could be attributed to the high calorific value 
of T. rhomboidea leave, possibly enhancement of physio-
logical conditions (like food and water intake) and meta-
bolic processes in the experimental animals (Bosch 2011; 
Alkali et al. 2018). The increase in animal’s body weight 
is in agreement with the findings of Suresh et al. (2015), 
who also observed significant increase in body weight of 
rats after oral administration of petroleum ether extract of 

Fig. 2 Magnified views of liver micromorphological sections as demonstrated by Haematoxylin and Eosin staining (Mag. x 400). The hepatocytes 
(blue pointer), sinusoids (black pointer), portal triad and central venules (white pointer) are all visible across the various groups
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influence their physiological roles (Kifayatullah et al. 2015). 
Cellular damage due to exposure to drugs, toxicants and dis-
eases often result to surge in organ function indices in the 
extracellular fluid. The non-significant changes of hepatic 
markers in this study revealed that AETR and EETR does 
not produce severe toxicity in the liver. The significant rise 
in ALT and ALP of animals that were respectively admin-
istered 3000 mg AETR/kg and 100 mg EETR/kg might not 
necessarily portray hepatic injury since other tested doses 

daily dosing might have elicited the changes (Arsad et al. 
2013).

From this study, the non–significant increase in TP of 
animal that were administered graded dose between 100 and 
3000 mg/kg of AETR and EETR could suggest non-harmful 
effects of extracts on protein synthesis and maintenance of 
normal protein function in circulation. While most cells need 
proteins for proper metabolisms and survival, impairment in 
protein synthesis due to toxic substance can also adversely 

Fig. 3 Magnified views of kidney micromorphological section as revealed by Haematoxylin and Eosin staining at magnification x 400. The renal 
cortex (white), renal tubules (blue), glomeruli and interstitial spaces (black) are all visible across the various groups
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of indistinct ALP surge was not altered (Akpovona et al. 
2016).

In renal dysfunction, creatinine and urea accumulate in 
the plasma and are commonly used as indices of nephrotox-
icity (Oso et al. 2019). The elevated urea in this study may 
be connected to rise in protein metabolism or toxic response 
from plant bioactive constituents. High glomerular filtra-
tion owning to continuous administration of extracts, high 

of AETR and EETR were not affected. The unexpected rise 
in ALT and ALP in this study could probably be attributed 
to internal conditions such as increase hepatocellular pro-
duction or normal physiological release from extra-hepatic 
sources and obstruction of bile flow in the biliary tract 
(Akindele et al. 2018). To further justify that the elevated 
ALP might not directly link to toxic response, a specific and 
sensitive hepatic biomarker (GGT) for detecting the source 

Fig. 4 Magnified views of pancrease micromorphological section as 
revealed by Haematoxylin and Eosin staining at magnification x 400. 
The pancreatic parenchyma consisting of serous acinar and zymogenic 

cells, interlobular duct duct (black), islet of langerhans as well as pan-
creatic vessels (white) are all conspicous across the various groups
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could however assist in the transport of cholesterol from 
peripheral tissue to the liver. The ratio of HDL/LDL is a 
common parameter for accessing the risk of arteriosclerosis 
and related cardiovascular disorders (Wang et al. 2010).

The mild fatty congestion and scanty infiltration that 
were observed in the liver could be linked to the elevated 
cholesterol that was observed in this study. Observed hem-
orrhage in the liver focal area of animals that received high 
dose of extracts could be associated with liver responses to 
the activities of the extracts. Mild lesion due to moderate 
necrosis in hepatic acinus specific zones have been reported 
to commonly occur during biotransformation of xenobiotics 
(Roberts et al. 2003). Despite this condition, liver can also 
display distinguish feature of cellular regeneration whereby 
necrotic cell are committed to apoptosis for the generation 
of new cell to maintain the normal hepatic function (Rob-
erts et al. 2003). The few sclerotic glomeruli, thickened 
membrane and wide capsular space that was observed in 
the kidney of AETR and EETR treated rats could suggest 
precautionary measure when considering the plant extract 

dietary protein and increased protein degradation have been 
reported to elevated urea in the blood (Muhammad et al. 
2011; Olaniyan et al. 2016). The low creatinine concentra-
tion in this study could suggest the absence or less sever-
ity of nephrotoxicity by extracts, protection against muscle 
wastage and maintenance of muscle bulk in experimental 
animals (Hounkpatin et al. 2019).

From this study, the non-significant reduction in triglyc-
eride of animals that received AETR and EETR could pre-
sumably be due to dietary fiber contents in the leave and 
antilipase activities of bioactive compounds in the extracts 
(Han et al. 2002). The rise in cholesterol level in this study 
could suggest poor anti-hypercholesterolemia effects or 
extract participation in endogenous synthesis of cholesterol. 
Aside from diet, cholesterol is also produced endogenously 
for the production of steroids like hormones, bile acids and 
vitamins. Previous report has revealed that leave decoction 
of T. rhomboidea is commonly given to pregnant women in 
some African countries to ease and hasten childbirth (Bosch 
2011). The result of HDL and LDL revealed that the extracts 

Table 3 Concentration of total plasma protein and organ function indices in rats administered with extracts of T. rhomboidae leaf
Dose
(mg/kg

Extracts / dH2O Indices of organ function

TP (g/dL) ALT (U/L) AST (U/L) ALP (U/L) GGT (U/L) UREA (mg/dl) CREA (mg/dl)
Control Distilled H2O 4.35 ± 0.76 96.73 ± 2.10 239.88 ± 9.31 10.03 ± 1.65 15.90 ± 6.35 3.55 ± 0.08 4.33 ± 2.30
100 AETR 4.01 ± 0.38 97.40 ± 0.62 240.00 ± 3.74 4.05 ± 0.62* 14.59 ± 6.67 3.78 ± 0.10 1.66 ± 0.34

EETR 5.32 ± 0.36 91.67 ± 1.98 221.67 ± 5.95* 23.18 ± 4.33* 5.79 ± 1.76* 2.52 ± 0.12* 2.04 ± 1.47
500 AETR 4.32 ± 0.10 98.67 ± 0.18 235.25 ± 3.03 3.86 ± 0.68* 4.32 ± 0.19* 2.93 ± 0.01 1.02 ± 0.34*

EETR 4.71 ± 0.17 96.35 ± 2.05 228.13 ± 5.13 6.62 ± 1.01 6.02 ± 0.85* 4.23 ± 0.60 1.27 ± 0.56*
1000 AETR 4.87 ± 0.39 96.25 ± 0.71 227.75 ± 2.35 2.76 ± 0.00* 10.65 ± 3.24 3.03 ± 0.04 1.40 ± 0.56*

EETR 5.23 ± 0.33 96.33 ± 3.06 221.00 ± 4.31* 2.76 ± 0.00* 5.17 ± 0.23* 3.84 ± 0.06 2.67 ± 1.17
3000 AETR 4.80 ± 0.07 105.00 ± 3.59* 245.00 ± 5.39 5.52 ± 1.23 13.43 ± 0.87 4.63 ± 0.43* 1.15 ± 0.38*

EETR 5.13 ± 0.04 94.33 ± 2.61 200.00 ± 9.11* 8.28 ± 2.47 10.58 ± 0.88 4.22 ± 0.17 1.27 ± 0.46*
5000 AETR 5.80 ± 0.41* 102.27 ± 4.41 234.50 ± 6.53 2.30 ± 0.46* 9.14 ± 3.23 4.31 ± 0.16* 0.76 ± 0.00*

EETR 5.54 ± 0.26* 93.47 ± 2.27 215.88 ± 0.97* 3.86 ± 0.68* 7.26 ± 0.52 4.15 ± 0.22 4.07 ± 0.25
Values are mean ± SEM (n = 4–6) and those with asterisk (*) sign in the same column are significant (p < 0.05) relative to control

Dose Extracts/d. 
H2O

Lipid profile

Triglyceride 
(mg/dl)

Cholesterol (mg/
dl)

HDL – C (mg/dl) LDL – C (mg/
dl)

Control d. H2O 202.59 ± 6.98 235.67 ± 15.30 157.11 ± 7.78 38.04 ± 9.02
100 mg/kg AETR 174.65 ± 2.79 291.67 ± 16.83* 192.11 ± 3.39* 70.07 ± 13.90*

EETR 120.16 ± 44.77* 331.33 ± 23.68* 175.00 ± 8.83 132.30 ± 8.45*
500 mg/kg AETR 176.04 ± 9.68 284.67 ± 12.35* 125.22 ± 14.02* 124.24 ± 7.04*

EETR 181.63 ± 7.39 284.67 ± 6.17* 236.44 ± 8.23* 11.90 ± 2.51
1000 mg/kg AETR 177.44 ± 2.79 280.00 ± 8.08* 182.00 ± 1.35* 62.51 ± 6.26

EETR 176.04 ± 0.00 263.67 ± 14.19 176.56 ± 0.78 51.90 ± 14.84
3000 mg/kg AETR 185.82 ± 7.78 289.33 ± 4.67* 215.44 ± 6.07* 36.72 ± 5.87

EETR 171.85 ± 17.45 254.33 ± 18.22 145.44 ± 0.78 74.52 ± 21.35*
5000 mg/kg AETR 163.47 ± 14.52 242.67 ± 12.99 171.89 ± 7.66 38.08 ± 7.40

EETR 163.47 ± 7.26 231.00 ± 4.04 189.00 ± 4.86* 9.31 ± 2.42*

Table 4 Lipid profile of animals 
administered with aqueous and 
ethanol extracts of T. rhomboidea 
leaf

Values are mean ± standard error 
of mean (n = 4–6). Data con-
taining asterisk (*) along each 
column are significant at p < 0.05 
relative to untreated groups
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for the treatment of disease. Possible reasons for the fair 
kidney architecture in treated animals could be daily dosing, 
overburdened elimination process and activity of extracts 
metabolites. Several active constituents in plants such as 
glycosides, tannin, oxalates have been reported to occasion-
ally impair the activity of kidney (Kifayatullah et al. 2015). 
The observed fibrotic connective tissues in this study could 
be due to deposition of extracellular matrix and collagen as 
a result of repeated apoptosis, necrosis or repair of damaged 
pancreatic tissues. The slightly diffused islet of Langerhans 
with vacuolation that was seen in selected groups could 
suggest degenerative changes, autophagic vacuolation to 
remove garbage into intestine and vacuole formation as a 
result of mild congestion of fat droplets (Jones et al. 2010; 
Longnecker 2014).

Conclusion

This study has demonstrated the safety of T. rhomboiea 
leave in both acute and daily administration for 28 days. 
Despite no observed adverse effects on organ indices, his-
tology studies revealed that the extracts might contain 
active constituents that could modulate the functionalities 
and architecture of the organs. The elevated cholesterol 
observed in this research is worrisome and demands further 
study to ascertain possible correlation between the T. rhom-
boidea extracts and cholesterol metabolism.
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