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ABSTRACT

ARTICLE HISTORY

Background: An undocumented controversy exists on the suitability/unsuitability of propylene glycol as a solvent or vehicle for hydrophobic test-compounds in animal experimentation(s). This is partly due to the paucity of evidence that aims to probe its histological effects beyond Hematoxylin and Eosin assessment.
Objective: To determine the potential suitability/unsuitability of oral propylene glycol as
a vehicle for hydrophobic test-compounds by assessing its histological and biochemical
effects in female Wistar rats.
Methods: The study recruited 10 Wistar rats which were divided into two groups of five
rats each as follows: Group 1 received distilled water (2 ml/kg, po) for four consecutive
weeks while group 2 received propylene glycol (2 ml/kg, po) for the same period of time.
Results: Propylene glycol caused no alteration in liver function as indicated by the plasma
levels of aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase,
and hepatic total protein level when both groups were compared (p > 0.05). No significant difference between both groups was also recorded in the oxidative stress status
(glutathione and catalase) of their liver homogenates. Histological examinations using
Hematoxylin and Eosin (H&E) (general histoarchitecture) as well as special stains such as
Gordon and Sweet (reticular fiber formation), Masson’s trichrome (collagen fibers), and
periodic acid-Schiff (glycogen content) did not reveal any feature of pathology. Quantification analyses of their liver sections, using image J, further revealed no significant
difference (p > 0.05) in their histoarchitectural features.
Conclusion: Propylene glycol is a suitable alternative vehicle for hydrophobic test-compounds in experimental studies, as its sub-chronic administration sustained normal liver
function and histology.

Received August 10, 2018
Accepted September 09, 2018
Published September 14, 2018

Introduction
The experimental models of clinical conditions
(involving the use of rodents and other animals)
remain an important aspect of scientific research,
even in the light of recent advancement in the field
of medical sciences. Scientific explorations, evaluations, and tests of hypotheses are limited IN human
subjects/participants due to ethical reasons. It is,
therefore, expedient to adopt experimental models
of clinical conditions for a better/more robust scientific study of the prognosis of a condition as well as
to develop novel approaches in determining better
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treatment or management alternatives. In this light,
the scientific evaluation of plant-derived medicines
remains an important aspect of scientific research,
as it can inspire novel drug development. However,
due to the vast available protocol for extraction processes which also involves the use of different chemicals such as acetone, methanol, ethanol, and water
(to mention a few), the final yield obtained may differ in both physical and chemical properties. Furthermore, the solubility of the yield in a solvent is a
function of their hydrophilic or hydrophobic nature.

Department of Anatomy and Cell Biology, Faculty of Basic Medical

© 2018 The Authors. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/).

Propylene glycol sustained liver homeostasis

Distilled water and normal saline solutions are
common solvents that are used as a vehicle for
plant-derived medicines in scientific experimentations. Their use as a solvent, however, is only possible
for hydrophilic substances. Also, some plant-derived
agents may form a suspension rather than a homogeneous mixture in vehicles of distilled water and
normal saline, thereby giving a false interpretation
of the agent’s potency or therapeutic efficacy due to
under-evaluation of the administered amount.
Propylene glycol, miscible with water and other
solvents, is a synthetic organic compound that is
relevant in several industrial processes including
food processing, making of electronic cigarettes,
de-icing of aircrafts, and liquid sweetener [1,2]. It is
expedient to have an adequate documentation of its
biological effects via in-depth experimental studies. Generally, a period of study below 2 days and
ranging from a few hours to minutes is considered
acute while that between 2 and 29 days is referred
to as a sub-acute condition [3,4]. A period/condition between 30 and 90 days is sub-chronic while
that which exceeds 90 days is referred to as chronic
[3,5–7]. Through the processes of detoxification, the
liver performs important functions of homeostasis
in the body. The capacity to perform these detoxification processes makes it one of the body’s vital
organs [8–10]. If the liver becomes exposed to the
deleterious effects of chemical agents, the result is a
consequent biological accumulation of toxic metabolites or toxins leading to terminal illness [9,11].
There is an undocumented controversy, particularly in the field of “Anatomy and Cell Biology”
regarding the paucity of evidence that aims to probe
the histoarchitectural effects of propylene glycol
beyond H&E assessment; considering the fact that
propylene glycol is not a physiological solution.
Available literature on the histological effects of this
vehicle tends to focus on H&E staining technique and
male Wistar rats [12–14]. Apparently, more comprehensive information can be obtained regarding the
effects of a test-compound when histological assessments are made with special stains. Furthermore,
female Wistar rats were recruited for this study in
order to provide additional information to the existing body of scientific knowledge. Apparently, sex-dependent differences or similarities will provide a
better scientific foundation to judge and, possibly,
extrapolate the biological effects of the vehicle for
the benefit of humanity (male and female inclusive).
The novelty of this study lies in the assessment of
the histological effects of propylene glycol beyond
H&E staining technique, using female Wistar rats.
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Materials and methods
Chemicals and biochemical kits
Propylene glycol was procured from BioVision Inc.
(USA) while the assay kits were purchased from
Randox Laboratory Ltd. (UK).
Fluid administration

Both Propylene glycol and distilled water were
administered at 2 ml/kg so that each 100 g rat
received 0.2 ml of either fluid (in order to avoid the
deleterious effects of fluid overload).
Experimental protocol

All experimental protocols were in strict compliance
with the guidelines for animal research, as detailed
in the National Institutes of Health (NIH) Guidelines
for the Care and Use of Laboratory Animals [15]
and approved by local institutional Research Committee. Ten female Wistar rats of about 3 months of
age (130–150 g) were recruited for this study. They
were purchased from the Animal Holdings Unit of
the College of Health Sciences, Obafemi Awolowo
University (OAU), Ile-Ife, Osun State, Nigeria, where
the study was carried out. They were housed in
plastic cages under natural light and dark cycle and
allowed access to standard laboratory rat chow
(ACE Feed PLC, Osogbo, Nigeria) and water ad libitum.
The rats were divided into two groups of five rats
each as follows: Group 1 received distilled water
(0.2 ml/ 100 g) orally for four consecutive weeks
while group 2 received an equivalent amount of
propylene glycol via oral route for the same period
of time. Thereafter, the rats were euthanized and
their blood samples were collected into separate
Ethylene diamine tetraacetic acid (EDTA) bottles by
cardiac puncture.
Blood samples were centrifuged at 4,000 rpm
for 15 minutes at −4°C using a cold centrifuge
(Centurium Scientific, Model 8881). The plasma
obtained was decanted into separate plain bottles
using sterile syringes. About 1 g of the liver of each
rat was excised and kept in a cooler for the preparation of tissue homogenate that was used to assess
the indicators of oxidative stress while the other
portion of the liver was fixed in 10% formal-saline
solution for histological examination.
Measurement of body and organ weight

Weekly body weight was assessed using Hanson
digital weighing balance (Hanson, China) while
35
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organ weights were weighed with the aid of Camry
sensitive weighing balance (Camry, China). The
percentage weight change and relative liver weight
were determined using the formulae below [9,16,17]:
Percentage weight change (PWC) (%)
=

(Final body weight − Initial body weight) g
× 100%
Initial body weight (g)

Relative liver weight (RLW) (%)
=

Weight of whole liver (g)
× 100%
Final body weight (at the point of sacrifice) (g)

Assessment of the biomarkers of liver function

Liver function biomarkers including aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP) were
assayed in the plasma of each rat using Randox
standard laboratory kits as described by the manufacturer’s instruction. However, using the Biuret
method as described by Tietz [18], total protein
was assayed in the liver homogenate.
Assessment of oxidative stress indicators

At a pH of 7.4, about 1 g of each tissue (liver) was
used to prepare 10% homogenate in phosphate buffer (100 mM). The tissues were homogenized using
an electric homogenizer (S1601001). Thereafter,
the homogenates were centrifuged at 3,000 rpm for
20 minutes and the supernatants were collected for
the assessment of the following indicators of oxidative stress and lipid peroxidation.
Reduced glutathione (GSH) level was determined by the method of Beutler et al. [19] while
the activity of catalase (CAT) was by the method of
Sinha [20].
Histopathological examination

The remaining portion of the liver for each rat was
fixed in a 10% formal-saline solution. Thereafter,

Figure 1. Chemical structure of distilled water and
propylene glycol.
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they were dehydrated in graded alcohol and embedded in paraffin wax. Sections taken (7–8 µm thick)
were stained using H&E technique (for general
histoarchitectural appraisal); Periodic acid-Schiff
(PAS) technique (for histochemical study); Gordon
and Sweets’ silver staining technique (to appraise
reticular fibre formation); as well as Masson’s trichrome staining technique (to appraise collagen
fibres).
Photomicrographs of each slide were taken with
the aid of a Leica DM 750 microscope, interfaced
with Leica ICC50 digital camera at objectives of ×10
and ×40. The representative photomicrographs
were transported to “Image J” software for quantificational analyses.
Statistical analysis

Data obtained were expressed as mean ± standard
error of mean. Students’ t-test was used to determine differences in the variables between the two
groups and the level of significance was set at
p < 0.05. Data were analyzed using Graph Pad Prism
5.03 (Graph Pad Software Inc., CA).

Results

Effects of sub-chronic administration of distilled
water and propylene glycol on percentage weight
change (%) and relative liver weight (%) of Wistar
rats
No significant difference was recorded in the percentage weight change of group 1 (23.86 ± 3.21)
when compared with group 2 (24.43 ± 2.28) (t =
0.145; p = 0.889) (Fig. 2). The relative liver weight
for both groups also showed no significant difference (Group 1: 4.72 ± 0.24, Group 2: 4.66 ± 0.18)
(t = 0.200; p = 0.847) (Fig. 3).

Figure 2. Effects of sub-chronic administration of
distilled water and propylene glycol on the percentage
weight change of Wistar rats. Each bar represents mean
± standard error of mean at p < 0.05.
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Figure 3. Effects of sub-chronic administration of distilled water and propylene glycol on the relative liver weight
and some quantification analyses of liver histoarchitecture of Wistar rats. Each bar represents mean ± standard
error of mean at p < 0.05.
Table 1. Effects of sub-chronic administration of distilled water and propylene glycol on biomarkers of liver
function in Wistar rats.
Groups
[1] Distilled water
[2] Propylene glycol

AST (U/l)
60.30 ± 12.08
62.57 ± 13.22

ALT (U/l)
45.81 ± 0.53
44.89 ± 1.03

ALP (U/l)
12.91 ± 0.56
13. 89 ± 0.45

Total protein (mg/ml)
5.99 ± 0.27
5.80 ± 0.24

Effects of sub-chronic administration of distilled
water and propylene glycol on plasma AST (U/l), ALT
(U/l), and ALP (U/l) levels of Wistar rats

Effects of sub-chronic administration of distilled water
and propylene glycol on liver GSH (U/ml) and CAT
(µmol/minute/mg protein) activities of Wistar rats

As shown in the representative table (Table 1), no significant difference was recorded in the plasma levels
of AST, ALT, and ALP of both groups 1 and 2 (p > 0.05).

The activity of GSH and CAT in groups 1 and 2 were
observed to be within a physiological range at the
end of the study (p > 0.05) (Table 2).

The liver total protein level showed no significant
difference when group 1 was compared with group
2 (t = 0.526; p = 0.613) (Table 1).

Groups

GSH (U/ml)

[1] Distilled water
[2] Propylene glycol

27.81 ± 0.93
27.80 ± 1.59

Effects of sub-chronic administration of distilled
water and propylene glycol on liver total protein
(mg/ml) levels of Wistar rats

www.promedsci.org

Table 2. Effects of sub-chronic administration of distilled
water and propylene glycol on some hepatic indicators of
oxidative stress in Wistar rats.

CAT (µg/minute/mg
protein)
3.32 ± 0.26
3.28 ± 0.15
37
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Figure 4. Histological effects of distilled water and propylene glycol on the liver of Wistar rats: Assessment of general histoarchitecture. H&E stain, ×400 (scale bar = 50 µm). [1] = distilled water; [2] = propylene glycol; CV = centrilobular vein; black arrow = apparently normal (polyhedral) hepatocyte; black dashed arrow = apparently intact hepatic
sinusoid.

Histological effects of sub-chronic administration of
distilled water and propylene glycol on the liver of
Wistar rats
Effects on general histoarchitecture (Hematoxilin—
Eosin staining technique)

The general histoarchitecture of both groups
showed similar features as revealed by their representative micrographs. This was characterized
by apparently intact polyhedral hepatocytes, radially disposed and organized into cords toward the
centrilobular vein (CV). Their CVs were also well
defined, having apparently intact hepatic sinusoids
(Fig. 4).
The quantification analysis and comparison of
both groups’ number of hepatocyte showed no significant difference (Group 1: 16.50 ± 2.42, Group 2:
16.83 ± 2.26) (t = 0.010; p = 0.923) (Fig. 3).
Effects on reticular fibre formation (Gordon and
Sweet’s silver staining technique)

The features of an apparently intact reticular fiber
formation were similar in both groups. Each representative micrograph revealed evidence of apparently intact dark-stained reticular fibers, lining the
wall of the sinusoids. The reticular fibers also clearly
surrounded the wall of the individual hepatocyte,
spanning across the perisinusoidal space and CV
(Fig. 5).
Also, the quantification analysis and comparison
of both groups’ percentage area of reticular fibres
showed no significant difference (Group 1: 32.57 ±
0.81, Group 2: 32.35 ± 0.92) (t = 0.180; p = 0.862)
(Fig. 3).
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Effects on collagen fibres (Masson’s trichrome
staining technique)

Each representative micrograph for both groups
showed similar features of an apparently normal
lobular histoarchitecture with scanty collagen
fibers (light-green) which were present at the portal tract as well as the walls of the CV (Fig. 6).
The quantification analysis and comparison of
both groups’ number of hepatocyte showed no significant difference (Group 1: 2.73 ± 0.03, Group 2:
2.77 ± 0.04) (t = 0.800; p = 0.447) (Fig. 3).

Histochemical effects (periodic acid-schiff staining
technique)

The PAS stain of each representative micrograph
also showed similar features of PAS-positive substances (glycogen) in the parenchymal cells of the
liver. Both micrographs demonstrated features of
apparently normal hepatic lobular histoarchitecture (Fig. 7).

Discussion

This study investigated the sub-chronic effects of
oral propylene glycol administration on liver function homeostasis in a Wistar rat model. The study
demonstrated that sub-chronic administration of
oral propylene glycol had no deleterious hepatic
effects as revealed by the biomarkers of liver function, liver antioxidant indicators, and micrographic
evidence as demonstrated by special stains.
An observational study of daily food consumption from the feeding trough suggests that subchronic oral administration of propylene glycol
Prog
Prog Med
Med Sci
Sci •• 2018
2018 •• Vol
Vol 22 •• Issue
Issue 12

Propylene glycol sustained liver homeostasis

Figure 5. Histological effects of distilled water and propylene glycol on the liver of Wistar rats: Assessment of reticular fiber formation. Gordon and Sweet’s silver stain, ×400 (scale bar = 50 µm). [1] = distilled water; [2] = propylene
glycol; CV = centrolobular vein; PV = portal vessel; dark-blue arrow = portal space; red arrow = apparently delicate
reticular fibres surrounding individual hepatocyte. Plate [a] shows the centrilobular zone while plate [b] demonstrates the portal area.

Figure 6. Histological effects of distilled water and propylene glycol on the liver of Wistar rats: Assessment of collagen fibre formation. Masson’s Trichrome Stain, ×400 (scale bar = 50 µm). [1] = distilled water; [2] = propylene glycol; CV = centrolobular vein; black arrow = apparently normal centrolubular zone with few (green-stained) collagen
fibres; Plate [a] demonstrates the portal areas while plate [b] shows the centrilobular zones.

www.promedsci.org
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Figure 7. Histochemical effects of distilled water and propylene glycol on the liver of Wistar rats. PAS stain, ×400
(scale bar = 50 µm). [1] = distilled water; [2] = propylene glycol; black arrow = magenta-stained intracytoplasmic
PAS-positive substance (glycogen); Insets ([1+d] and [2+d]) = light micrographs of PAS stain in combination with
diastase, showing digestion of PAS-positive content (glycogen) of the hepatic lobule.

did not cause any abnormal derangement in feeding pattern, as feeds were observed to be adequately consumed on a daily basis. Consequently,
no significant difference in body weight change was
observed when compared with the control. Striking
a balance between food intake and the expenditure
of energy, under the modulatory influence of the
hypothalamic center, is a strong determinant of the
tendency to gain or lose weight [21]. Subject to further verification, this study suggests that propylene
glycol administration has no deleterious influence
on the hypothalamic center for food consumption
and energy expenditure. Consequently, its subchronic administration does not result in abnormal
derangements in feeding pattern and, thus, body
weight change.
In experimental research, when morphological changes are absent, a sensitive indicator of
the effects of a chemical compound is the relative
organ weight of an animal [9,22,23]. It is, therefore, implied that the maintenance of a relative liver
weight within a physiological level following subchronic propylene glycol administration is indicative of the potential suitability of this solvent as
an oral vehicle for test compounds in experimental
research/studies.
The release of AST, ALT, and ALP (basic biomarkers of liver function) into the circulatory system
is usually associated with hepatocyte injury [9].
This makes the assay of these biomarkers of clinical importance, as abnormal levels in circulation
reflect an injury or damage to the liver. The maintenance of physiological levels of these enzymatic
activities, associated with sub-chronic propylene
glycol administration, reveals the fact that this sol40

vent did not potentiate membrane fragility of the
hepatocytes as well as abnormal leakage of hepatic
enzymes into the circulation.
Since protein synthesis can be affected by a chemical agent or a test compound, its stimulation is an
important index for the determination of chemically-induced hepatic dysfunction or injury [9,24].
Also, the process involved in liver regeneration can
be alluded to the stimulation of protein synthesis
[24]. Therefore, sustained hepatic total protein
level, as recorded in this study, is an indicator of a
non-deleterious effect of sub-chronic propylene
glycol administration on hepatic protein synthesis.
Consequently, its sub-chronic administration sustains normal liver regeneration process. This fact
was supported by the representative micrographs
which revealed normal appearing general liver histoarchitecture.
Significant reductions in the activities of hepatic
indicators of oxidative stress, such as GSH and CAT,
can be suggestive of an existing oxidative stress due
to the generation of free radicals [9]. This would
have been attributed to a reduction in the ability of
the liver to sustain the production of hepatic GSH
and CAT levels, and (or) the increased use of these
lines of defense (by the liver) in scavenging existing
free radicals in an attempt to restore homeostasis of
the antioxidant system [9]. Contrariwise, this study
demonstrated an associated maintenance of normal
hepatic antioxidant system following sub-chronic
administration of propylene glycol in Wistar rats.
The evidence of an apparently normal general liver histoarchitecture following sub-chronic
exposure to propylene glycol, as revealed by the
representative micrograph, further supports its
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suitability as an alternative vehicle for hydrophobic test compounds. The mesh-like framework of
the liver (reticular fibers), which provides the supporting connective tissue of the organ, was also,
micro-graphically, demonstrated to be apparently
intact at the end of the study. The physiological
collagen fiber deposition, demonstrated by quantificational analysis, suggests that sub-chronic propylene glycol administration does not induce functional impairment of the liver. Also, micrographic
evidence of apparently normal hepatic PAS-positive
materials (glycogen content) demonstrates a possible non-deleterious influence (or non-modulatory effect) of propylene glycol on the activities of
insulin and glucagon. These micrographic evidence,
supported by their respective quantification analysis, point to the fact that oral propylene glycol
administration (2 ml/kg) at a sub-chronic level has
no deleterious effect on the liver function.
Although this study’s organ of focus is the liver,
the reason being that it is a critical vital organ that
performs a homeostatic function through detoxification processes, literature exist on the use of propylene glycol as a positive control in animal experimentations that recruited male Wistar rats [12–14].
Evidently, this sex-similarity in the biological effects
of propylene glycol provides a better scientific foundation for the experimental exploitation of this suitable hydrophobic solvent for the benefits of humanity (male and female inclusive). Propylene glycol is
also well used as a solvent in many pharmaceuticals
for the topical formulation of drugs including lorazepam and diazepam which are insoluble in water
[25]. The aforementioned scientific information,
together with the findings of this study, should (to
a large extent) allay the undocumented controversy
about the suitability/unsuitability of propylene glycol as a solvent for hydrophobic test-compounds.
Nevertheless, it is recommended that further studies on the sub-chronic and chronic effects of this
fluid on (other) vital organs be carried out using
special stains and more specialized techniques in
order to have comprehensive information about
its biological effects. These should also ensure the
recruitment of a larger number of experimental
animals.

Conclusion

This study concluded that, at a sub-chronic level,
oral propylene glycol is a suitable and non-toxic
alternative vehicle for hydrophobic test-comwww.promedsci.org

pounds, as its administration sustained normal
liver function and histology.

Acknowledgments

We wish to acknowledge the members of staff of
the Animal Holdings Unit of the College of Health
Sciences, OAU, as well as Dr. Obuotor’s Laboratory,
Department of Biochemistry and Molecular Biology, Faculty of Sciences, OAU, Ile-Ife, Osun State, for
their kind support and technical assistance.

References
[1]

Jackson G, Roberts RT, Wainwright T. Mechanism
of beer foam stabilization by propylene glycol
alginate. JI Brewing 1980; 86:34–7.
[2] Propylene glycol. Available via www.propyleneglycolWikipedia.html (Accessed 19 March 2018).
[3] Akomolafe RO, Imafidon CE, Olukiran OS, Oladele
AA, Akanji OB. Sub-acute administration of
lower doses of nicotine caused sex-dependent
improvement of renal function in Wistar rats. J
Toxicol Rep 2017; 4:535–42.
[4] Medical dictionary, Meaning of Sub-acute, 2017.
[The freedictionary.com/subacute]. Available via
www.medicaldictionary (Accessed 7 July 2017).
[5] Muralidhara S, Ramanathan R, Metha SM, Lash LH,
Acosta D, Bruckner JV. Acute, subacute and subchronic
oral toxicity studies of 1, 1-dichloroethane in rats:
application to risk evaluation. Toxicol Sci 2001;
64:135–45.
[6] Pilar MO, Lozano MC, Botero L, Rincon J, Guerrero MF.
Evaluation of the acute and subchronic oral toxicity
of ethanol extract from Valeriana pavonii species in
Wistar rats. Colomb Med 2010; 41:256–66.
[7] Determination of acute, Sub-acute, Chronic and
Sub-chronic doses, 2017. Available via http://www.
researchgate.net/post/How_does_one_determine_
doses_for_acute_sub-acute_chronic_and_subchronic_toxicity (Accessed 7 July 2017).
[8] Buraimoh AA, Bako IG, Ibrahim FB. Hepatoprotective
effect of ethanolic leaves extract of Moringa Oleifera
on the histology of paracetamol induced liver damage
in wistar rats. Int J Anim Vet Adv 2011; 3:10–3.
[9] Imafidon CE, Olukiran OS, Ogundipe DJ, Eluwole
AO, Adekunle IA, Oke GO. Acetonic extract of
Vernonia amygdalina (Del.) attenuates Cd-induced
liver injury: potential application in adjuvant heavy
metal therapy. J Toxicol Rep 2018; 5:324–32.
[10] Palanive MG, Rajkapoor B, Kumar RS.
Hepatoprotective and antioxidant effect of Pisonia
aculeate L. Against CCl4-induced hepatic damage in
rats. Sci Pharm 2008; 76:203–15.
[11] Subramoniam A, Pushpangadan P. Development
of phytomedicine for liver diseases. Indian J
Pharmacol 1999; 31:166–75.
41

Oke Oluwamayowa Gracious, Imafidon Christian Eseigbe, Adekunle Isiaka Ayofe

[12] Olukiran SO, Akomolafe RO, Bamitale KD, Ajayi AO,
Okonji RE, Bejide RA. Protective and curative effects
of livolin forte on carbon tetrachloride-induced
liver damage in Wistar rats. J Exp Integr Med 2013;
4:57–65.
[13] Akomolafe RO, Imafidon CE, Olaoluwa SO, Oladele
AA, Ajayi AO. Livolin forte ameliorates cadmiuminduced kisney injury in Wistar rats. Ser J Clin Res
2016; 17(2):107–16.
[14] Ayoka AO, Ademoye KA, Imafidon CE, Ojo OE,
Oladele AA. Aqueous extract of Allium sativum
(Linn.) bulbs ameliorated pituitary-testicular injury
and dysfunction in Wistar rats with Pb-induced
reproductive disturbances. Open Access Maced J
Med Sci 2016; 4:200–12.
[15] Guide for the care and use of laboratory animals.
8th edition, 2011. Available via https:// grants.
nih.gov/grants/./Guide-for-the-Care-and-use-oflaboratory-animals.pdf (Accessed 7 July 2017).
[16] Ayoka AO, Ojo EO, Imafidon CE, Ademoye AK,
Oladele AA. Neuro-endocrine effects of aqueous
extract of Amaranthus viridis (Linn.) leaf in male
Wistar rat model of cyclophosphamide-induced
reproductive toxicity. J Toxicol Rep 2016; 3:608–19.
[17] Imafidon CE, Akomolafe RO, Oladele AA. Sexually
dimorphic proteinuria in Wistar rats: relevance to
clinical models. Pathophysiology 2016; 23:51–9.

42

[18] TieTietz A. Tietz fundamentals of clinical chemistry.
Saunders, USA, 2007. ISBN: 9781437719406
[19] Beutler E, Duron O, Kelly BM. Improved method for
the determination of blood Glutathione. J Lab Clin
Med 1963; 61:882–8.
[20] Sinha KA. Colorimetric assay of catalase. Anal
Biochem 1971; 47:389–94.
[21] Katherine AS, Niamh MM, Steve RB. Hypothalamic
regulation of apetite. Expert Rev Endocrinol Metab
2008; 3:577–92.
[22] Adekunle IA, Imafidon CE, Oladele AA, Ayoka
AA. Ginger polyphenols attenuate cyclosporineinduced disturbances in kidney function: potential
application in adjuvant transplant therapy.
Pathophysiology 2018; 25:101–15.
[23] Steven AB, Robert HZ, Richard WP. Relationships
between organ weight and body/brain weight in
the rat: what is the best analytical endpoint? Toxicol
Pathol 2004; 32:448–66.
[24] Sharma N, Shukla S. Hepatoprotective potential
of aqueous extract of Butea monosperma against
CCl4 -induced damage in rats. Exp Toxicol Pathol
2011; 63:671–6.
[25] Janusz S. Propylene glycol. Warsaw Poison Control
Centre, 1991. Retrieved from: www.inchem.
org/documents/pims/chemical/pim443.htm
(Accessed 19 March 2018).

Prog
Prog Med
Med Sci
Sci •• 2018
2018 •• Vol
Vol 22 •• Issue
Issue 12

