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Abstract

Background and Objectives: Conflicting data and reports exist on walnut effects on weight management and diabetes control.
This experimentally-controlled nutritional study examined the effects of African black walnut (Plukenetia conophora) on weight
and diabetes control in experimental diabetic male Wistar rats. The impacts of African black walnut on body weight gain, glycemic
tolerance and lipoglycemic profile were evaluated in this study.

Materials and Methods: Three experimental groups (n = 10, each) of adult male Wistar rats weighing 170-220g were randomly
categorized after induction of diabetes with alloxan (150mg/kg b.w; i.p): Control (group DCR); Extract-treated (group AWE) and,
Diet-supplemented (group BSW). Animals were fed according to the experimental design with water ad libitum for six weeks. Body
weight, total food intake (TFI) per group, food conversion ratio (FCR), fasting blood glucose (FBG) concentrations, lipid profile (LP)
and, oral glucose tolerance test (OGTT) were determined and conducted. Data were analyzed using Microsoft Excel and Statistical
Program SPSS version 22. Results are expressed as mean + SEM with a P value set at 0.05.

Results: Black walnut consumption caused a significant (P < 0.05) reduction in mean FBG concentrations (AWE: 25.95%; BSW:
21.07%) compared with the control group. The glycemic tolerance and lipid profile were improved significantly by black walnut in
AWE and BSW rats compared with the control rats without corresponding change in body weight, TFI and FCR. The aqueous extract
impacted more lipoglycemic effect than the diet-supplemented.

Conclusion: Plukenetia conophora improves diabetes control in diabetic rats via its beneficial lipoglycemic impact without a
corresponding influence on body weight change.
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Introduction

and central Africa and abundant in Nigeria, Cameroon and Congo
[2]. In Nigeria, it is locally called Asala or Awusa in Yoruba; Ukpa
in Igbo; Gyada in Hausa and Okhue or Okwe in Edo. It belongs to
the botanical family Euphorbiaceae [3]. Many claims of health-pro-
moting benefits have been attributed to walnut consumption which
include preventing, treating and alleviating risk of cardiovascular

Walnuts are among the most widely consumed commercially
grown tree nuts in the world [1]. However, the relative scarcity of
wide-scale molecular phylogeographic studies of walnut makes
it difficult to accurately determine the native geographic range.
Plukenetia conophora, also called African walnut, and conophore, is
a climbing shrub with highly versatile nut native to tropical western
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disease [4-6], type 1] diabetes [7,8], obesity [9-13], certain cancers
[14], and the alleviating of symptoms attributed to age-related and
other neurological disorders [15]. These health benefits are as-
cribed to its rich antioxidants and fatty acid profile, which is rich
in polyunsaturated fatty acids with a particularly high w3:w6 ratio
- the highest among all the tree nuts [16]. Most experts agree that
consuming nuts, including black walnuts, has well-established links
to improving cardiometabolic profile and overall health.

Alarge cohort study by Jiang et al. [7] and Pan et al. [8] showed
that dietary supplementation of walnuts significantly decreased the
risk of developing type 2 diabetes while a similar observation was
also reported by Ros [4] in a study of long-term intervention with a
Mediterranean diet enriched with nuts. Considering the large num-
ber of people with diabetes and the growing projected numbers,
there is an urgent need to develop and implement coordinated and
multi-sectoral strategies to tackle diabetes mellitus. The content
of polyphenols and other phytochemicals including phospholip-
ids, vitamins, minerals, essential fatty acids, and other nutrients in
walnuts, with their claimed cytotoxic properties, also make them a
focus of attraction for research for the prevention of free radical-in-

duced nucleic acid damage. Research of walnut consumption in
humans and animals employing a range of data sets and statistical
methods suggest that walnuts may be considered a safe potential
nutraceutical or possibly pharmaceutical substance [17].

A study [18] claimed that walnut is helpful in weight manage-
ment and declared it as a nut of choice for obese and diabetic in-
dividuals. Contrary to expectations, clinical trial, epidemiological
studies and, systematic reviews of different studies have shown
that walnut consumption in the diet does not contribute to weight
gain or hinder weight loss goals as compared to a control diet
[6,11,18,19]. To help resolve this controversy polarizing the opin-
ions of leading experts due to conflicting data and reports existing
on walnut health benefits on weight management and diabetes con-
trol, this study was conducted to investigate the effects of aqueous
extract and diet-supplementation of African black walnut (Pluke-
netia conophora) on body weight gain, total food intake, food con-
version ratio, glycemic tolerance/control and, lipoglycemic profile
in diabetic male Wistar rats with the rationale to provide a more
objective basis to guide dietary recommendations of walnut in dia-
betes control (Figures 1-3).
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Figure 1: Plukenetia conophora L. (African Black walnut).
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DCR: Control; BSW: Walnut-supplemented; AWE: Walnut Extract Treated.
Figure 2: Effect of black walnut on glycemic tolerance/profile (n = 5/ group).
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Figure 3: Effect of black walnut on lipid profile in diabetic rats (n = 5/ group).

Materials and Methods

Preparation of Plukenetia conophora aqueous extract
and diet-supplemented

The fresh black walnut (Figure 1) was purchased from a local
popular market in Ondo city of Southwest of Nigeria with the help
of an agriculturist who identified the species. Extract preparation
was made by neatly cracking and exposing the seed to remove
the pellicle and then pounded finely with mortar and pestle. The
pounded walnut was sun dried and then pounded to a homoge-
nous powdery form. 4g of powdery walnut was mixed with 20mls
of tepid distilled water to obtain the aqueous extract fraction (via
filtration method) which was kept at 4°C in the refrigerator until
required. Fresh aqueous walnut extract was prepared each week of
the study period. The supplemented diet was composed and pre-
pared as reported under the heading ‘Composition of control and
test diets’.

Table 1: Percentage composition of diets.

Toxicity Test

Acute toxicity test of the extract was conducted using modified
stair-case approach of Chinedu et al. [20]. The rats were given es-
calating dosages (1, 2, 3, and 4g per kg body weight) of extract of
fresh walnut orally using orogastric canula while the toxicity was
determined by mortality and behavioral abnormalities. The peak
tolerance level was at 2g/kg body weight.

Composition of Test and Control Diets

Using the standard diet formula used to assess weight gain in
rodents during commercial feeding studies, the composition of
the supplemented and control diets was constituted (Table 1). The
control (normal ration) and the supplemented diets were prepared
from ingredients purchased from a popular market in Ondo Me-
tropolis, Ondo State, Nigeria and are expressed in percentage per
100 g feed. The walnuts were boiled and mashed with the ingredi-
ents to constitute the diet-supplemented.

Control diet Walnut-supplemented diet
Nutrient components Ingredients used
(% per 100g of feed) (% per 100g of feed)
Maize 40% 40%
Carbohydrates

Wheat offal 15% 15%

Palm kernel cake 20% 20%

Fat and Oil Groundnut cake 10% 10%
Soya bean meal 10.50% 10.50%
Oyster shell 1.00% 1.00%

Protein

Bone meal 3.00% 3.00%
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Vitamins Growth premix 0.25% 0.15%
Mineral Salt Salt 0.25% 0.25%
ADDITIVES Walnut 0.10%

Total 100% 100%

Experimental Animals and Feeding

The animals were purchased from disease-free stock of Ade
farm, Ogbomoso, Oyo State, Nigeria. Twenty-one male albino Wis-
tar rats (Rattus norvegicus) weighing between 170g and 220g were
used for this investigation. The animals were kept in polypropyl-
ene cages with stainless wire mesh tops in a well ventilated animal
house for two weeks acclimatization at normal and standard labo-
ratory temperatures and relative humidity. They were fed initially
with commercially available standard rat feed and water ad libitum
during acclimatization and thereafter, fed according to the experi-
mental design for 6 weeks. Group AWE in addition to the standard
feed was treated with aqueous extract at daily tolerable dose of 2g/
kg body weight determined by acute toxicity test conducted while
group BSW was fed with walnut-supplemented diet only with daily
serving size of 2g/kg body weight (equivalent to 200g of walnut
per kg of feed) based on the total weight of the number of rats per
group to ensure no differential calories treatment in both control
and test diets. Body weight and total food intake of each group of
rats were measured and recorded weekly while the food conversion
ratio (food intake/weight gain) was calculated. Under each cage, re-
placeable numbered blotter papers were placed to catch the spilled
diet which was measured to make up for the daily serving ration.

Ethical Approval

This study using experimental animals was conducted in strict
accordance with the internationally accepted principles and rec-
ommendations in the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health [21]. The protocol was
approved by the Committee on the Ethics of Animal Experiments
of the University of Medical Sciences Ondo (Protocol Number
REC/27042021).

Induction Of Diabetes

After acclimatization, all rats were inducted with diabetes after
overnight fast using fresh solution of alloxan monohydrate (Kermel
chemicals, CHINA) made by dissolving it in sterile normal saline ata
dose of 150 mg/kg body weight. A glucometer (Fine test Auto-cod-
ing Premium Blood glucose Monitoring System, Osang Healthcare
Co., Ltd. Korea) was used to determine the FBG level and confirm
diabetes four days later. Rats with FBG 2150 mg/dL were consid-
ered diabetic and used for the study.

Experimental Design

The animals were randomly categorized into three groups
(n =7/group):

a) Group AWE: Diabetic rats treated with walnut aqueous extract

b) Group BSW: Diabetic rats treated with boiled walnut-supple-
mented diet

c) Group DCR: Diabetic control Rats in group DCR were fed with
standard rat feed (SRF) only throughout the period of the
study. Group AWE rats were treated with aqueous extract of
walnut (2g/kg body weight/day, orally) plus SRF while group
BSW rats were fed walnut-supplemented diet only. The rats
were monitored twice daily for food and water intake while
body weight and FBG were assessed bi-weekly and recorded.

Blood Collection and Biochemical Assay

The blood samples were obtained from the tail veins (via Snip-
ping) and the heart (through cardiac puncture technique) using
fine hypodermic needle (size 23G) and were used to assay the
glycemic status/tolerance and lipid profile respectively. All efforts
were made to minimize pain and suffering.

Glycemic Tolerance Test

Animals in all groups were fasted overnight (12 hours) with
free access to water and their FBG determined in the morning of
the day for OGTT. Thereafter, they were treated with an oral D glu-
cose load of 2gm kg-' (dissolved in distilled water) administered by
means of flexible orogastric canula. Blood samples were then with-
drawn from the tail vein of each animal to determine the FBG con-
centration at intervals of 30 minutes for 2-hour duration.

Lipid Profile Test

The lipid profile was conducted at the commencement and the
6th week of the study (to enable comparison of values) using blood
samples obtained from the heart stored in k3 EDTA (Ethylene Di-
amine Tetraacetic Acid) sample bottles. Samples were centrifuged
at 3000 revolutions to obtain the plasma fractions which was kept
in a refrigerator (at -702C) until used and the sera obtained were
used for the biochemical assay of the lipid profile. Plasma concen-
tration of total cholesterol (TC), high density lipoprotein (HDL)
and Triacylglycerol (TAG) were measured by the enzymatic colori-
metric method after centrifugation using a dry-chemical automatic
analyzer AU-5200 OLYMPUS (Randox Laboratories, San Francisco,
USA). LDL level was determined by the Friedewald formula [22] as
follows:

VLDL (mg/dL) = TAG/5 (1)
LDL (mg/dL) = TC - VLDL - HDL )
Statistical Analysis

Data was analyzed using Microsoft Excel and Statistical Pro-
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gram SPSS version 22. Graph pad prism while comparison between
groups was made with one way analysis of variance (ANOVA) fol-

Results

lowed by Duncan’s multiple range tests. Results are expressed as
mean + SEM with P value set at 0.05.

Effects of black walnut consumption on total food intake and body weight

Table 2: Effect of black walnut on total food intake and body weight gain (n = 5/ group).

Experimental Diabetic Animal Groups
Parameters Control Walnut Supplemented Walnut Extract
DCR BSW AWE
Final Mean Weight (g) 216.2£10.03 232.8+7.57 220.8 £ 14.67
Initial Mean Weight (g) 170.2 *2.17 180.9 + 6.05 172.8+6.18
% Mean Weight Gain 27.03% 28.69% 27.78%
Total Food intake (g/6 weeks) 1434 £ 25 1437 £ 76 1402 + 64

Values are expressed in mean + SEM.

Table 3: Effect of black walnut on glycemic status (n = 5/ group).

Experimental Diabetic Animal Groups
Parameters
Control DCR Walnut Supplemented BSW Walnut Extract AWE
Final Mean FBG (mg/dL) 255.2 £20.71 179.4 +51.62 163.4 +5.28
Initial Mean FBG (mg/dL) 250.0 +£32.33 217.2+75.12 205.8 + 34.05
% Change in Mean FBG 2.04% -21.07*% -25.95%*%

Values are expressed in mean + SEM,

**Significant when compared with DCR but not significant when compared with BSW.

*Significant when compared with DCR.

The effect of black walnut on overall body weight and food in-
take is expressed in Table 2. Consumption of black walnut as sup-
plemented-diet or as raw nut has no effect on overall mean body
weight gain and food intake. There was no interaction of diet and
time over the 6-week period as revealed by the repeated measures
ANCOVA using the total food intake for each animal as a co-vari-
able. No significant difference observed in the food conversion ratio
(food intake/weight gain) between groups.

Effects of black walnut consumption on glycemic status

Both walnut-supplemented diet and walnut extract exhibited
significant (P < 0.05) hypoglycaemic potential. Difference in their
hypoglycaemic potentials is not significant (P > 0.05). However, the
extract caused more hypoglycemic effect than the supplemented
(AWE - 25.95%; BSW - 21.07%) as shown in Table 3.

Effects of black walnut consumption on glycemic

tolerance and profile

The glycemic tolerance was assessed by the incremental areas
under the glycemic response curves as depicted in Figure 2. Both
walnut-supplemented and walnut extract improved glycemic tol-
erance and profile with the extract posing better tolerance and

profile. The glycemic response peaked at 30 minutes of the glucose
challenge in all experimental groups.

Effects of black walnut consumption on lipid profile

Figure 3 displayed the effect of black walnut on the lipid profile
parameters. Both the walnuts supplemented and extract possessed
antilipidemic property expressed by their impact on the lipid pa-
rameters. However, the walnut extract exhibited more antilipid-
emic potential (P > 0.05). At the end of the study, the TC, TG and
LDL concentrations decreased significantly (P < 0.05) with a cor-
responding increase (P < 0.05) in HDL concentration in AWE and
BSW groups compared with the control.

Discussion

This nutritional study examined the effects of aqueous extract
and diet-supplementation of African black walnut (Plukenetia cono-
phora L.) in diabetes control by investigating its impacts on body
weight, glycemic tolerance and lipoglycemic profile in diabetic male
Wistar rats. Mode of consumption of the black walnut for optimal
benefits in diabetes control was also investigated. Main findings re-
vealed that walnut has significant hypoglycemic and antilipidemic
effects helpful in diabetes control without corresponding influence
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on weight control. These effects were impacted more by the extract
than the diet-supplemented.

Walnut was processed and administered in two forms (aque-
ous extract and diet-supplemented) in this study. Both forms have
no influence on mean body weight gain, total food intake and food
conversion ratio in the test groups compared with the control (Ta-
ble 2). This observation suggests that walnut has no effect on the
appetite which may warrant increased food intake that may influ-
ence weight change. A study [18] claimed that walnut-enriched
low-energy diet is helpful in weight management and so declared
walnut as a nut of choice for obese and diabetic. However, contrary
to expectations, some clinical trials, epidemiological studies, and
systematic reviews of other studies [6,11,19] showed that walnut
consumption in the diet does not contribute to weight gain or hin-
der weight loss goals.

Table 3 expressed the hypoglycemic impact of black walnut in
experimental diabetic rats. Both forms of walnut exhibited signif-
icant (P < 0.05) hypoglycaemic potentials. Walnut extract caused
25.95% decrease in mean FBG concentration while the diet-sup-
plemented decreased mean FBG value by 21.07%. This antidiabetic
benefit of walnut in diabetic rats suggests that eating walnuts may
help control blood sugar by mechanisms beyond their influence on
weight control. Human and animal studies have shown that eating
walnut may help control blood sugar in diabetic or pre-diabetic in-
dividuals: A human study [23] revealed that consumption of wal-
nut oil (15 g/day for three months) improved blood glucose level
without changes noted for bodyweight and blood pressure in type
two diabetic patients. Dietary supplementation of 1 oz of nuts, such
as walnuts, five times or more per week in another human stud-
ies [7,8] has been revealed to decrease risk of developing type 2
diabetes. A long-term intervention study with Mediterranean diet
enriched with nuts has also reported an association of nuts with
a 50% reduction in diabetes [4].The antidiabetic property of wal-
nut was further heightened by its improved glycemic tolerance and
profile in the diabetic rats as depicted by the decrease in the incre-
mental areas under the glycemic response curves for BSW and AWE
rats compared with the control (Figure 2). This glycemic tolerance
effect in AWE rats is comparably better than those in BSW rats. Gly-
cemic response to glucose load in all the experimental groups peak-
ed at 30 minutes of the glucose challenge suggesting that the blood
sugar lowering effect of walnut can become manifest 30 minutes
after meal.

On lipid profile, black walnut caused significant decrease in
TC, TG and LDL-C concentrations with corresponding significant
increase in HDL concentration in both AWE and BSW rats (Figure
3). However, the aqueous extract impacted more beneficial antilip-
idemic effect than the walnut-supplemented diet thus suggesting
that the optimal effect on lipid profile can be derived when walnut
is consumed in fresh or raw form than in mixed meal. Walnuts have
been reported to have higher antioxidant activity than any other
common nut. The papery skin of walnuts has been demonstrated
to contain vitamin E, melatonin and polyphenols [24,25]. A prelimi-
nary small study in healthy adults showed that eating a walnut-rich

meal prevented postprandial oxidative-damage-causing athero-
sclerosis due to LDL cholesterol [26]. Ellagitannins, a potent an-
ti-inflammatory polyphenol has been reported to prevent oxidative
stress and inflammation. Beneficial bacteria in the gut convert el-
lagitannins to compounds called urolithins which have been found
to protect against inflammation. ALA omega-3 fat, magnesium and
the amino acid arginine in walnuts may also decrease inflammation
[27]. Few studies [4,5,6] have suggested that walnuts in the diet can
reduce the risk of heart disease by improving various cardiometa-
bolic risk factors while several studies [9-13] on walnut diets have
reported a decrease in total and low-density lipoprotein (LDL) cho-
lesterol, increase high-density lipoprotein (HDL) cholesterol, and
reduce blood pressure, inflammation, and plaque formation.

Due to evidence in support of the benefits of walnuts related
to cardiovascular health, most experts agree that consuming nuts,
including black walnuts, has well-established links to improving
heart health. Nuts, such as black walnuts, are high in fatty acids
and antioxidants that can help to improve a person’s overall heart
health [28]. A variety of plant-derived and naturally-derived com-
pounds are currently being employed to assist diabetic patients in
their therapy. As a result, screening medicinal plants for therapeu-
tic purposes is critical in drug development because they may have
hypoglycemic, hypolipidemic, and antioxidant properties that are
useful in the control of diabetes.

Conclusion

In conclusion, walnut improved glycemic tolerance and lipo-
glycemic profile in experimental diabetic male rats without corre-
sponding effect on body weight change. While the optimal effect
of walnut in diabetes control is more derived with the extract as
shown in this study, however, caution must be applied when con-
suming raw walnut to avoid unexpected toxicity. Further investiga-
tions of walnut in experimental diabetic rats will be developed in
our subsequent study in order to evaluate the antioxidant capacity
of black walnut and its effects on Insulin level and HOMA-IR index
to gain more insight into the mechanism of action of walnut in dia-
betes control. Pancreas histomorphometry will also be carried out
to elucidate the effects of walnut on Islets cells.
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