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Abstract
Some anticancer pregnane glycosides, e.g., 3-O-[6-deoxy-3-O-methyl-β-d-allopyranosyl-(1 → 4)-β-d-canaropyranosyl]-17β-
marsdenin (3DMACM), have been isolated from Gongronema latifolium leaves which have not been evaluated for their 
effects on the cardiovascular system. Thus, this study was carried out to evaluate the effects of 3DMACM on selected indices 
of cardiovascular diseases in albino mice. Forty mice were randomly divided into four groups (ten mice each). Group A 
mice were orally administered 5% DMSO while mice in groups B, C, and D were orally administered 0.25, 0.5, and 1 mg/
kg body weight of the compound for 14 days, after which various indices of cardiovascular diseases were determined. The  
results revealed that the total cholesterol, triacylglycerol, very low density lipoprotein-, and high-density lipoprotein-cholesterol  
concentrations in the plasma and heart Na+-K+-ATPase activity were significantly reduced (p < 0.05) at the doses of 0.25 
and 1 mg/kg body weight of the compound compared to controls. Also, atherogenic index, plasma LDH activity, and heart 
Mg2+-ATPase activity of the mice were significantly (p < 0.05) reduced at all doses of the compound compared to controls. 
Heart and plasma creatine kinase activities and heart Ca2+-Mg2+-ATPase activity of mice were significantly (p < 0.05) 
reduced at doses higher than 0.25 mg/kg body weight of the compound compared to controls. AST activities in the heart 
and plasma of mice were significantly increased (p < 0.05) at doses of 0.25 and 1 mg/kg body weight compared to controls. 
The results suggest that 3DMACM may not predispose subjects to atherosclerosis but may adversely affect cardiac muscle 
contraction/relaxation, especially at higher doses.
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Introduction

Natural products have over the years been a dependable and 
inexhaustible source of remedies for the treatment of various 
diseases, especially chronic diseases, such as cancer, diabetes, 

malaria, and heart diseases (Newman and Cragg 2012; Miao 
et al. 2016). In African traditional system of medicine, plant-
based raw materials, such as the roots, stem bark and leaves, are 
predominantly employed for the treatment of various diseases. 
However, some of these plants have been reported to exert toxic 
effects on subjects (Dzoyem et al. 2014). This has led to the 
isolation of pure compounds responsible for the pharmacologi-
cal activities of such plants in order to reduce the toxicity of the 
crude extracts. Unfortunately, some of these compounds have 
also been reported to exert toxic effects, despite their pharmaco-
logical activities, which have rendered them clinically useless.

A plant that is very useful in Nigerian indigenous 
medicine from which various phytochemicals with 
diverse pharmacological activities have been isolated 
is Gongronema latifolium. It is a type of vegetable con-
sumed regularly in the southern part of Nigeria and used 
in folk medicine for the treatment of various diseases such 
as malaria, anorexia, constipation, nausea, hypertension, 
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diabetes, stomach ache, cough, dyspepsia, and dysen-
tery (Morebise 1998; Morebise et al. 2006; Mohammed 
et al. 2014). Phytochemicals such as B-sistosterol, lupe-
nyl esters, pregnane ester, glycosides, essential oils, and 
saponins have been reported to be present in different 
parts of this herb (Schneider et al. 1993; Morebise 1998; 
Morebise et al. 2006). Aside the reported ethnopharma-
cological activities of the plant, the effects on cardiovas-
cular indices, especially in diseased states, in rats have 
been reported by several authors (Edet et al. 2009, 2011a, 
b; Okpala et al. 2014). Akinnuga et al. (2011) reported 
the significant decrease in selected red and white blood 
cell indices and the platelet count of rats caused by the 
ethanolic leaf extract of the plant after fourteen days of 
administration. However, Beshel et al. (2019) has reported 
the cardioprotective effects of the ethanolic leaf extract in 
normal rats with no pathological conditions.

Of recent one pregnane and three pregnane glycosides 
isolated from the leaf of Gongronema latifolium were 
found to exhibit antileukemic activities (Gyebi et al. 2018). 
One of these pregnane glycosides is 3-O-[6-deoxy-3-O-
methyl-β-D-allopyranosyl-(1 → 4)-β-D-canaropyranosyl]-
17β-marsdenin (3DMACM) (Fig. 1). However, there is 
paucity of information on the effects of this compound on 
the cardiovascular system, since the ethanolic leaf extract 
of G. latifolium has been reported to have cardioprotective 
effects (Beshel et al. 2019). This study was, therefore, car-
ried out to evaluate the effects of 3DMACM using selected 
indices of cardiovascular diseases in mouse.

Materials and methods

Chemicals

Assay kits for total- and HDL-cholesterol and triacylglyc-
erol concentrations were obtained from Randox Laboratories 

Ltd., Co-Antrim, UK. Other chemicals used were of ana-
lytical grade and prepared in all glass distilled water. The 
compound 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 
4)-β-D-canaropyranosyl]-17β-marsdenin was isolated from 
our previous study (Gyebi et al. 2018).

Experimental animals

A total of forty (40) albino mice were obtained from the Ani-
mal Holding Unit of the Department of Biochemistry, Uni-
versity of Ilorin, Ilorin, Nigeria. The animals were housed 
under laboratory conditions of 12 h light–dark cycle and 
room temperature of 25 ± 2 °C. The animals were allowed 
access to standard laboratory feeds (Top Feeds, Ilorin, Nige-
ria) and clean water ad libitum. The animals were handled 
according to the guidelines stipulated for animal care (Clark 
et al. 1997; Garber 2011).

Animal grouping and drug administration

The forty albino female mice were randomly divided into 
four groups (A, B, C, and D) of 10 mice each. Daily adminis-
tration of 3DMACM was done orally for fourteen (14) days. 
Group A (control) mice were orally administered 5% DMSO, 
while groups B, C, and D mice were administered 0.25, 0.5, 
and 1 mg/kg body weight of the compound respectively. 
The selected doses were based on the available amount of 
compound isolated from the chromatographic fractionation 
of the crude leaf extract of the plant.

Sample collection and preparation

After 24 h of the administration of the last set of doses of the 
compound, the animals were sacrificed by slightly anaesthe-
tizing them with diethyl ether. Venous blood was collected 
into EDTA bottles for hematological analysis and lithium 

Fig. 1   Structure of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)-β-D-canaropyranosyl]-17β-marsdenin
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heparin bottles for preparation of plasma. The blood was 
centrifuged at 8000 rpm for 3 min. The plasma of the blood 
samples was pipetted out and stored at −20 °C until needed 
for analysis. The heart was isolated, cleaned of blood, and 
homogenized in ice-cold 0.25 M sucrose solution (1:5 w/v). 
The homogenates were stored at −20 °C overnight to ensure 
maximum release of the enzymes in the heart homogenate 
(Akanji et al. 1993).

Biochemical assays

Protein concentrations of the heart homogenates and plasma 
were determined by the method of Gornall et al. (1949). 
The plasma total cholesterol concentration was determined 
using the enzymatic saponification procedure described 
by Allain et al. (1974). Plasma triacylglycerol concentra-
tion was determined using the method described by Tietz 
(1990). The method described by Bachorik et al. (1980) was 
used to determine plasma HDL-cholesterol concentration. 
Plasma LDL-cholesterol and VLDL concentrations were 
calculated using the formulae described by Friedewald et al.  
(1972). The atherogenic index was calculated using the 
formula, LDL-C/HDL-C Nicholls et  al. (2007). The 
method described by Weisshaar et al. (1975) was used for 
the determination of lactate dehydrogenase activity. The 
method described by Reitman and Frankel (1957) was 
used for the determination of aspartate aminotransferase 
activity. Mg2+-ATPase activity was determined using the 
method described by Ronner et al. (1977) as modified by  
Fleschner and Kraus-Friedmann (1986). Na+, K+ ATPase, 
and Ca2+-Mg2+ ATPase activities were determined by the 
method of Ronner et al. (1977) as modified by Bewaji et al. 
(1985). The method described by Witt and Trendelenburg  
(1982) was used for determining creatine kinase-MB activity.

Haematological parameters

The red blood cell count, packed cell volume, reticulocyte 
count, mean corpuscular volume, mean corpuscular hae-
moglobin concentration, mean corpuscular haemoglobin, 
haemoglobin concentration, white blood cell count, per-
centage neutrophils, percentage lymphocytes, and platelet 
count were determined using an automated haematological 
analyser SYSMEX KX21 (SYSMEX Corp, Japan).

Statistical analysis

Data are expressed as the means ± SEM of 5 determinations. 
Statistical analysis was performed using one-way analysis 
of variance (ANOVA) and Duncan multiple range test as 
post hoc test using GraphPad Prism software (GraphPad 
Software, California, USA). Differences were considered 
statistically significant at p < 0.05.

Results

Heart‑body weight ratio of mice

3DMACM caused significant reduction (p < 0.05) in the 
heart-body weight ratio of mice administered 1 mg/kg body 
weight with no significant alteration (p > 0.05) at other doses 
compared to control (Fig. 2).

Serum lipid profile

3DMACM significantly reduced (p < 0.05) plasma total 
cholesterol, HDL-cholesterol, VLDL and triacylglycerol 
concentrations of mice administered 0.25 and 1 mg/kg 
body weight of the compound with no significant change 
(p > 0.05) at 0.5 mg/kg body weight of the compound com-
pared to controls (Figs. 3, 4, 5, and 6). There was significant 
reduction (p < 0.05) in atherogenic index of mice at all doses 
of the compound compared to control (Fig. 7).

Enzymes

There was significant reduction (p < 0.05) in heart Mg2+ 
ATPase and Na+, K+-ATPase activities of mice at all doses 
of 3DMACM administered compared to controls (Figs. 8 
and 9). There was significant reduction (p < 0.05) in heart 
Ca2+-Mg2+ ATPase activity of mice administered 0.5 and 
1 mg/kg body weight of the compound with no significant 
change (p > 0.05) at 0.25 mg/kg body weight compared to 
control (Fig. 10). There was significant increase (p < 0.05) 
in AST activities in the plasma and heart of mice adminis-
tered 0.25 and 1 mg/kg body weight of the compound with 
significant decrease (p < 0.05) in plasma AST activity and no 
significant change (p > 0.05) in heart AST activity in mice at 
the dose of 0.5 mg/kg body weight of the compound com-
pared to controls (Fig. 11). There was significant reduction 
(p < 0.05) in creatine kinase activity in the heart and plasma 
of mice administered 0.5 and 1 mg/kg body weight of the 
compound with no significant change (p > 0.05) at 0.25 mg/
kg body weight compared to controls (Fig. 12). There was 
significant reduction (p < 0.05) in lactate dehydrogenase 
activity in the plasma of mice at all doses of the compound 
compared to controls (Fig. 13).

Haematological parameters

The platelet count and percentage lymphocyte were signifi-
cantly reduced (p < 0.05) at all doses of 3DMACM compared 
to controls (Table 1). The red blood cell count (RBC) was sig-
nificantly reduced (p < 0.05) at doses higher than 0.25 mg/kg 
body weight of the compound, while the packed cell volume 
was only significantly reduced (p < 0.05) at the highest dose 
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compared to controls (Table 1). The MCV was significantly 
increased (p < 0.05) at 1 mg/kg body weight of the compound, 
while the MCH, MCHC, and the total white blood cell count 
were not significantly (p > 0.05) altered at all doses compared 
to controls (Table 1).

Discussion

Organ‑body weight ratio

Organ-body weight ratio is normally investigated to determine 
whether the size of the organ has changed in relation to the 

weight of the whole animal. High organ/body weight ratio sug-
gests inflammation, while low organ/body weight ratio is asso-
ciated with constriction resulting from necrosis (Moore and 
Dalley 2018). The administration of 1 mg/kg body weight of 
the compound caused significant reduction (p < 0.05) in organ/
body weight ratio compared to the control, which may be due 
to organ constriction resulting from necrosis (cell death).

Cardiovascular disease indices

Alteration in the concentrations of major lipids such as 
total cholesterol, HDL-C, LDL-C, and triacylglycerols can 

Fig. 2   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin on heart-body weight ratios of 
albino mice. Values are expressed as means of five replicates ± SEM. 

Bars with different superscripts are significantly different (p < 0.05) 
from each other

Fig. 3   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin on total cholesterol concen-
tration in the plasma of mice. Values are expressed as means of five 

replicates ± SEM. Bars with different superscripts are significantly 
(p < 0.05) different from each other
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give useful information on lipid metabolism and predis-
position of the heart to atherosclerosis and its associated 
coronary heart diseases (Deans and Dominiczak 2008; 
Stamler et al. 1986). Triacylglycerols and VLDL have clin-
ical values in assessing coronary heart diseases (Deans and 
Dominiczak 2008), though not independent markers. High 
plasma cholesterol concentration is an important risk fac-
tor to be considered for cardiovascular diseases (Abolaji 
et al. 2007). LDL is the primary carrier of cholesterol to 
peripheral tissues. LDL-C (often designated bad choles-
terol) in the plasma is linked with increased deposition 
of cholesterol in the arterial walls (Olukanni et al. 2013;  
Vander et al. 1998). As a result, it forms plaque in the 
arteries, thereby causing atherosclerosis. The adminis-
tration of 3DMACM at doses of 0.25 and 1 mg/kg body 
weight led to reduction in the concentrations of total cho-
lesterol, triacylglycerol, and VLDL in the plasma com-
pared to controls. This suggests that the compound at these 
doses may impair the synthesis of cholesterol, triacylg-
lycerol, and VLDL in the liver, which may not predispose 
subjects to cardiovascular diseases. This is corroborated 
by the observed reduction in plasma LDL-C concentra-
tion and atherogenic index at all doses of the compound 
compared to controls. This suggests that 3DMACM was 
one of the compounds responsible for the reduction in 
serum LDL-C concentration caused by ethanolic extract 

of G. latifolium leaf (Beshel et al. 2019). However, the 
concentration of HDL-C (which is known to have anti-
atherogenic property) was significantly reduced (p < 0.05) 
at 0.25 and 1 mg/kg body weight of 3DMACM, suggest-
ing that the role of the HDL in mopping up cholesterol 
back to the liver may be adversely affected. This suggests 
that 3DMACM was not the compound responsible for the 
increase in serum HDL-C concentration caused by etha-
nolic extract of G. latifolium leaf (Beshel et al. 2019).

Enzymes are sensitive tools used for the diagnosis of 
damaged tissue long before the manifestation of histologi-
cal changes (Malomo 2000). Therefore, the measurement of 
the activities of “marker” enzymes in tissues and body fluids 
can be used in assessing the degree of assault and toxicity 
of a chemical compound on organs/tissues (Malomo 2000; 
Yakubu et al. 2007). These non-plasma specific enzymes 
(transferases, phosphatases, and dehydrogenases) get into 
the blood through plasma membrane leakage of a damaged 
tissue (Wright et al. 1974). In this study, increase in AST 
activities in both the plasma and heart was observed in the 
groups administered 0.5 and 1 mg/kg body weight of the 
compound compared to controls, which may suggest plasma 
membrane leakage of damaged tissues or activation of the 
enzyme in situ at those doses.

Na+/K+-ATPase appears to be involved in a number of 
clinical disorders including cardiovascular diseases and 

Fig. 4   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin on triacylglycerol concentra-
tion in the plasma of mice. Values are expressed as means of five 

replicates ± SEM. Bars with different superscripts are significantly 
(p < 0.05) different from each other
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hypertension, salt balance, renal diseases, diabetes, and other  
metabolic diseases, as well as neurological disorders (Bagrov 
and Shapiro 2008; Bagrov et al. 2009). Moreover, the altera-
tion of signalling receptor function is also seen in hyper-
tension, cardiac hypertrophy, ischemia/reperfusion injury, 
cancer, and tissue fibrosis. Na+/K+-ATPase helps maintain 
resting potential, facilitate transport, and regulate cellular 
volume. It also functions as a signal transducer/integrator 
to regulate MAPK pathway, ROS, as well as intracellular  
calcium (Desfrere et al. 2009). In most animal cells, the Na+/
K+-ATPase is responsible for about one-fifth of the energy 
expenditure of the cell (Erecinska and Silver 1989). The expres-
sion of Na+/K+-ATPase is upregulated by cAMP (Ahmad  
and Medford 1995). Compounds which cause increase in  
cAMP upregulate Na+/K+-ATPase expression. In contrast, 
compounds causing decrease in cAMP concentration down-
regulate the expression of Na+/K+-ATPase (Burnier 2007).  
The administration of 3DMACM at doses of 0.25 and 1 mg/
kg body weight led to reduction in Na+/K+-ATPase activ-
ity compared to control. This suggests that the compound 

at these concentrations may inhibit Na+/K+-ATPase in situ 
or suppress its expression. A decrease in Na+/K+-ATPase 
activity may (i) disrupt the cell membrane potential; (ii) 
adversely affect membrane transport proteins which play 
critical roles in endocytoaminosis, endocytoglucosis, and 
transport of other nutrients using sodium gradient; (iii) lead 
to cardiac myocyte inflammation, which could eventually 
lead to myocytolysis; (iv) lead to downregulation of the 
expression of effector proteins of the mitogen-activated pro-
tein kinase (MAPK) signalling pathway; and (v) adversely 
affect both energy metabolism and transmission of the action 
potential along the T-tubules of the cardiac muscle to initiate 
the release of calcium ions from the sarcoplasmic reticulum 
(Bagrov and Shapiro 2008; Bagrov et al. 2009; Berry et al. 
2007; Cui and Xie 2017; Liu and Xie 2010).

Plasma membrane Ca2+ ATPase (PMCA) is a trans-
port protein in the plasma membrane of cells that serves 
to remove calcium (Ca2+) from the cell and has been clas-
sified as a member of the P-type transport ATPase family, 
due to the covalent intermediate state that is formed upon 

Fig. 5   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin  on HDL-C concentration  in the  
plasma of albino mice. Values are expressed as means of five rep-

licates ± SEM. Bars with different superscripts are significantly 
(p < 0.05) different from each other
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Fig. 6   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin on VLDL concentration in the 
plasma of albino mice. Values are expressed as means of five repli-

cates ± SEM. Bars with different superscripts are significantly (p < 0.05) 
different from each other

Fig. 7   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)-β-D-canaropyranosyl]-17β-marsdenin on atherogenic index of mice. Val-
ues are expressed as means of five replicates ± SEM. Bars with different superscripts are significantly (p < 0.05) different from each other
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phosphorylation of a highly conserved aspartate residue dur-
ing its catalytic cycle. It is vital for regulating the amount of 
Ca2+ within cells (Jensen et al. 2004). The Ca2+ ATPase of 
sarcoplasmic reticulum has a prominent role in excitation/

contraction coupling of cardiac muscle, as it induces relaxa-
tion by sequestering Ca2+ from the cytoplasm into intra-
cellular stores delimited by the sarcoplasmic reticulum 
membranes. The stored Ca2+ is in turn released into the 

Fig. 8   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin on heart Mg2+-ATPase activity 
of mice. Values are expressed as means of five replicates ± SEM. Bars 

with different superscripts are significantly (p < 0.05) different from 
each other

Fig. 9   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin on Na+, K+ ATPase activity in 
heart of mice. Values are expressed as means of five replicates ± SEM. 

Bars with different superscripts are significantly (p < 0.05) different 
from each other
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cytoplasm upon membrane excitation to induce contrac-
tion. The cardiac SR Ca2+ATPase (SERCA2a) is encoded 
by the (human nomenclature) ATP2A2 gene, which also 
yields the SERCA2b isoform found in the endoplasmic 

reticulum of most cells (Lytton et al. 1989; Zarain-Herzberg  
et al. 1990). Many experimental and clinical studies have 
indicated that inadequate function of the Ca2+ ATPase 
(SERCA2) and the consequent alterations of cytosolic Ca2+ 

Fig. 10   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin  on Ca2+-Mg2+ activity in the 
heart of albino mice. Values are expressed as means of five repli-

cates ± SEM. Bars with different superscripts are significantly (p < 0.05) 
different from each other

Fig. 11   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin on aspartate aminotransferase 
activity in the plasma and heart of mice. Values are expressed as means 

of five replicates ± SEM. Bars for heart/plasma with different super-
scripts are significantly (p < 0.05) different from each other
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signalling are pathological features of cardiac hypertrophy 
and failure (Bers et al. 2003; Chien 2000; Mercadier et al. 
1990; Vangheluwe et al. 2006). The results revealed that 
there was reduction in Ca2+ ATPase activity in the groups 
administered 0.5 and 1 mg/kg body weight of 3DMACM. 
This may adversely affect the contraction/relaxation of car-
diac muscle, most especially by hampering the sequestra-
tion of Ca2+ from the cytoplasm which may lead to various 
cardiovascular disorders, possibly through hardening of the 
cytoskeleton of the cells and impairment of the role of Ca2+ 
as a second messenger.

Mg2+ ATPase has been reported to function in the main-
tenance of cell membrane permeability and shape (Duncan 
1967; Mircevova 1974). Membrane Mg2+ ATPase activity 
has been reported to be inversely related to lipid fluidity 
(Riordan 1980). Mg2+ ATPase activity of the actomyosin 
subsegment 1 has been reported to be a more reliable physi-
ological indicator of cardiac muscle contractility (Lauer 
et al. 1989). In this study, heart Mg2+ ATPase activity was 
reduced by the compound compared to control, suggesting 
that the membrane fluidity was enhanced by the compound. 
Thus, increase in membrane fluidity above the optimum 
required may also account for the reduced activities of Ca2+ 
ATPase and Na+ /K+-ATPase, being membrane bound 

enzymes, thereby leading to low contractility of the cardiac 
muscle.

The CK-MB (creatine kinase-muscle/brain) is a marker 
enzyme used for the diagnosis of acute myocardial infarc-
tion. Its activity in the blood represents the combination of 
two variants (isoenzymes CKM and CKB) of creatine kinase. 
There are 3 isoenzymes of creatine kinase (CK)-BB, -MM, 
and -MB. The primary source of CKMB is the myocardium, 
although it is also found in skeletal muscle. CKMB levels 
increase with myocardial damage. There was reduction in 
CK-MB activity in both the plasma and heart of the groups 
administered 0.5 and 1 mg/kg body weight of compound 
compared to controls. This suggests inhibition of the enzyme 
in situ or suppression of its synthesis. This may adversely 
affect the formation of creatine phosphate which serves as 
energy reserve for muscle contraction. Depletion of creatine 
phosphate may adversely affect the regeneration of ATP 
which is required during muscle contraction and relaxation.

Lactate dehydrogenase (LDH) is an enzyme required dur-
ing anaerobic glycolysis. It is used as a marker enzyme for 
myocardial infarction. LDH activity increases in blood when 
there is myocardial infarction. In this study, the compound 
reduced plasma LDH at all doses administered, suggesting 
inhibition of the enzyme in situ.

Fig. 12   Effects of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin on Creatine kinase (MB) activity 
in the plasma and heart of albino mice. Values are expressed as mean 

of five replicates ± SEM. Bars for the heart/plasma with different super-
scripts are significantly (p < 0.05) different from each other

164 Comparative Clinical Pathology (2022) 31:155–168



1 3

Haematological parameters

Inflammation plays a crucial pathophysiological role in the 
entire continuum of the atherosclerotic process, from its 
initiation, progression, and plaque destabilization leading 

ultimately to an acute coronary event. Furthermore, once 
the clinical event has occurred, inflammation also influ-
ences the left ventricular remodelling process. Under the 
same paradigm, there is evidence that lymphocytes play 
an important role in the modulation of the inflammatory 

Fig. 13   Effect of 3-O-[6-deoxy-3-O-methyl-β-D-allopyranosyl-(1 → 4)- 
β-D-canaropyranosyl]-17β-marsdenin on Lactate Dehydrogenase activ-
ity in the plasma of mice. Values are expressed as means of five repli-

cates ± SEM. Bars with different superscripts are significantly (p < 0.05) 
different from each other

Table 1   Haematological parameters of mice administered 3-O-[6-deoxy-3-O-methyl-β-D- allopyranosyl-(1 4)-β-D-canaropyranosyl]-17β-marsdenin

Values are expressed as means of five replicates ± SEM. Values in each column with different letters are significantly (p < 0.05) different from 
each other
WBC white blood cell count, LYM percentage lymphocyte, PLT platelet, RBC red blood cell count, Hb haemoglobin, PCV packed cell volume, 
MCV mean corpuscular volume, MCH mean corpuscular haemoglobin, MCHC mean corpuscular haemoglobin concentration

Treatment Hb (g/dl) HCT (%) RBC 
(× 1012/L)

MCV (fL) MCH (pg) MCHC (g/dL) WBC (× 109/L) LYM (%) PLT (× 109/L)

5% DMSO 11.8 ± 0.33a 53.07 ± 0.85a 9.08 ± 0.16a 58.37 ± 0.65a 13.04 ± 0.30a 21.68 ± 0.37a 15.33 ± 0.70a 94.78 ± 0.49a 361.00 ± 34.00a
0.25 mg/

kg body 
weight

12.17 ± 0.20b 54.47 ± 1.57a 9.55 ± 0.32a 58.30 ± 0.75a 12.50 ± 0.11a 20.94 ± 0.30a 12.57 ± 0.79a 90.97 ± 1.62b 348.33 ± 20.00b

0.5 mg/
kg body 
weight

11.96 ± 0.46a 55.93 ± 1.48a 8.43 ± 0.48b 57.87 ± 0.96a 12.78 ± 0.37a 21.68 ± 0.51a 11.40 ± 0.80a 90.98 ± 1.85b 312.67 ± 21.37c

1 mg/kg 
body 
weight

11.83 ± 0.45a 47.65 ± 1.95b 8.62 ± 0.58b 61.50 ± 0.66b 13.03 ± 0.24a 21.58 ± 0.42a 13.60 ± 0.46a 89.63 ± 3.19b 298.50 ± 83.50d
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response at every level of the atherosclerotic process. Low 
lymphocyte count (LLC) is a common finding in systemic 
inflammatory response during atherosclerotic process in 
both clinical and animal studies, which suggests that LLC 
plays a putative role in accelerating atherosclerosis (Libby 
2012). For instance, there is evidence that LLC is associ-
ated with worse outcomes in patients with heart failure, 
chronic ischemic heart disease, and acute coronary syn-
dromes (Nuñez et al. 2011). Thus, the reduced percentage 
lymphocyte observed at all doses of the compound in this 
study compared to control (Table 1) suggests that the com-
pound has the potential of enhancing the suppression of 
the adaptive immune system, which has been associated 
with the acceleration of the development of atherosclero-
sis. However, since the observed percentage lymphocyte is 
within the normal range, it may not enhance the develop-
ment of atherosclerosis.

Platelets may be abnormal either quantitatively (too 
many or too few) or qualitatively (the right number but  
they do not work correctly). Normal platelet count ranges 
from 150,000 to 450,000 (Msaouel et al. 2014). Platelets 
play a vital role in atherogenesis (Patzelt et al. 2015). They 
interact with the endothelial membrane before the forma-
tion of atherosclerotic plaque, thereby forming the focal 
point for immune cell-driven inflammation associated with 
atherosclerosis (Gawaz et al. 2005; Massberg et al. 2002). 
In this study, the compound reduced platelet count at all 
doses, though not below the normal range, compared to 
control (Table 1). The result suggests that the compound  
has the potential of impairing platelet formation, thereby 
impairing their role in atherogenesis.

The results obtained in this study revealed that the com-
pound reduced red blood cell count at higher doses com-
pared to control (Table 1). This suggests that the compound 
may cause haemolysis and reduce the oxygen carrying 
capacity of the blood. This is further evidenced by the 
haematocrit which was significantly reduced at the highest 
concentration administered compared to control. However, 
there was increased MCV at the highest dose of the com-
pound, suggesting increased size of red blood cells formed, 
though without reduced concentration of haemoglobin com-
pared to control.

Conclusion

The results suggest that 3DMACM may not predispose 
subjects to atherosclerosis but may adversely affect cardiac 
muscle contraction/relaxation and other signalling pathways 
which are triggered by calcium which serves as a second 
messenger. All these, coupled with other alterations, may be 
the onset of other types of cardiovascular diseases.
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